A 



CM 
< 
CO 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(id EP1 017 116 A2 

EUROPEAN PATENT APPLICATION 



lion: 
lletin 2000/27 



(51) Intci7: H01L 41/09 



(21) Ar^tc?rt16n number: 99310564.2 

(22) Date of filing: 24.12.1999 



(84) Designated Contracting States: 


• Nanataki, Tsutomu, Espoa Tbyoake VI 


AT BE CH CY DE DK ES Fl FR GB GFt IE IT LI LU 


Toyoake-city, Aichi-prefecture 470-1112 (JP) 


MC NL PT SE 


* Hirota, Toshikazu 


Designated Extension Slates: 


Kuwana-city, Mie-prefecture 51 1-0032 (JP) 


AL LT LV MK RO SI 


• Kimura, Koji 


(30) Priority: 28.12.1998 US 242542 


Nagoya-city, Archi-prefecture 457-0022 (JP) 


01.10.1999 JP 28152299 


(74) Representative; 


28.10.1999 JP 30784499 


Paget, Hugh Charles Edward et al 


16.11.1999 JP 32619599 


MEWBURN ELLIS 




York House 


(71) Applicant: NGK INSULATORS, LTD. 


23 Kings way 


Nagoya-City, Aichi Prefecture 467-8530 (JP) 


London WC2B 6HP (GB) 


(72) Inventors: 




• Takeuchi, Yukihisa 




Nishikamo-gun, Aichi-prefocture 470-0204 (JP) 





(54) Piezoelectric/electrostrictive device and method of fabricating the same 



(57) A piezoelectric/elecrostrictive device compris- 
ing a driving portion to be driven by a displacement of a 
piezoolectric/electrostrictive element, a movable portion 
to be operated based on a drive of the driving portion, 
and a fixing portion for holding the driving portion and 
the movable portion. The driving portion comprises a 
pair of thin plate portions facing each other, and a film- 
like piezoelectric/electrostrictive element including at 
least a pair of electrode films and a piezoelectric/elec- 
trostrictive film formed at least on the outer surface of 
at least one thin plate portion of the thin plate portions. 
The fixing portion is coupled with the movable portion 
via the driving portion, a hole is defined by an inner wall 
of the driving portion, an inner wall of the movable por- 
tion, and an inner wall of the fixing portion, and at least 
one side of a piezoelectric operating portion of said pi- 
ezoelectric/electrostrictive element in a direction in 
which said thin plate portion connects with said fixing 
portion with the movable portion is structured to exist on 
the fixing portion or the movable portion. A ratio a/b of 
the thickness a of said hole and the width b of said thin 
plate portion is 0.5 to 20. Since the movable portion can 
be largely operated, the device can be used as a dis- 
placement element which is hardly affected by a harmful 



tecting a vibration of the movable portion with fine pre- 
cision. 
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Description 

Background of the Invention and Related Art Statement 

[0001] The present invention relates to a piezoeiec- 
tric/electrostrictive device having a movable portion to 
be operated based on a displacement of a piezo-elec- 
tric/electrostrictive efement, or a piezoelectric/elec-tros- 
trictive device capable of detecting a displacement of 
the movable portion by the piezoelectric/electrostrictive 
element, and more particularly relates to a piezoelectric/ 
electrostrictive device which is superior in mechanical 
strength, impact resistance, and humidity resistance 
and can efficiently operate the movable portion in a large 
magnitude. 

[0002] Recently, in a field of optics or magnetic re- 
cording, precision machining, or the like, a displacement 
element capable of adjusting an optical path length and 
a position in sub-micron order has been required, and 
development is progressed of a displacement element 
utilizing a displace-ment due to inverse piezoelectric ef- 
fect or electrostrictive effect obtained when a voltage is 
applied to a piezo-electric/electrostrictive material (for 
example, a ferro-electric substance or the like). For ex- 
ample, as shown in Fig. 2, a piezoelectric actuator 21 in 
which a fixing portion 25 and a movable portion 24 and 
a bridge beam 26 connecting therewith are integrally 
formed by providing a hole 23 on a board-like body com- 
posed of a piezoelectric/electrostrictive material, and an 
electrode laye r 22 is further provided on the bridge beam 
26, is disclosed in JP-A-1 0-1 36665). 
[0003] In the actuator 21 , when an voltage is applied 
to an electrode layer 22, the movabfe portion 24 can 
have an arc-shaped displacement or a rotational dis- 
placement in-surface of the board-like body, since the 
bridge beam 26 expands or contracts by inverse piezo- 
electric effect or electrostrictive effect in a direction con- 
necting the fixing portion 25 with the movable portion 24. 
[0004] On the other hand, JP-A-63-64640 discloses 
a technique related to an actuator using a bimorph, 
wherein the bimorph is provided with divided electrodes 
such that a divided electrode is selected to drive the ac- 
tuator to perform precise alignment at a high speed. For 
example, the specification shows in Fig. 4 a structure 
which uses two bimorphs positioned opposing to each 
other. 

[0005] However, the actuator 21 has a problem that 
an operational quantity of the movable portion 24 is 
small, since the displacement in an expanding or con- 
tracting direction (namely, in-surface direction of the 
board-like body) of a piezoelectric/electrostrictive mate- 
rial is transmitted per se to the movable portion. 
[0006] Further, the actuator 21 has another problem 
that the actuator 21, having all the parts thereof consti- 
tuted with a piezoelectric/electrostrictive material which $ s 
is fragile and comparatively heavy, is low in mechanical 
strength, and inferior in handling property, impact resist- 



21 per se is heavy and is easily liable to be influenced 
by a harmful vibration, for example, a residual vibration 
or a vibration-al noise during high speed operation. 
[0007] In order to solve above-described problems of 
$ the actuator 21 , a proposition is made that a hole 26 is 
filled with an elastic filler, however, it is apparent that 
efficiency of the displacement due to the inverse piezo- 
electric effect or the electrostrictive effect is lowered 
when the filler is filled. 
to [0008] On the other hand, what is shown in Fig. 4 of 
JP-A-63-64640 is, in bonding of an intermediary mem- 
ber 3 and a bimorph, a bonding of a site without the di- 
vided electrodes with the intermediary member, and 
therefore an advantage of the divided electrodes can not 
>s be utilized at the bonded site. In other words, merely a 
site of the bimorph which is not a displacement gener- 
ating portion is bonded. Further, on the other hand, a 
bonding form at a bonding site ol a head and the bimor- 
ph is similar. As a result, a bending displacement of the 
20 bimorph is developed toward an inner space between 
the intermediary member and the head, and the struc- 
ture is not a type where the head per se ts given an op- 
eration for effective displacement toward the outside 
space. In addition, the actuator disclosed in JP-A- 
25 63-64640 has a structure where a displacement gener- 
ating member and a so-called frame member (an inter- 
mediary member or the like) are prepared separately, 
and adhered mutually to unite, thus the structure is liable 
to change over time the bonding condition of the frame 
and the bimorph, and also liable to cause drifting of the 
displacement, exfoliation, orthe like. Further, a structure 
with an adhesive intervened at the bonding site of the 
bimorph with the intermediary member and at the bond- 
ing site of the head with the bimorph, namely at a holding 
35 portion of a displacement member is lower in stiffness 
of the holding portion per se, and is also difficult to in- 
crease a resonant frequency required for a high speed 
operation. 

[0009] The present invention is made in view of such 
to problems of the conventional art, and an object thereof 
is to provide a displacement element which can largely 
operate a movable portion, and is hardly influenced by 
a harmful vibration in operation, capable of a high speed 
response, high in mechanical strength, and superior in 
45 handling property, impact resistance, and humidity re- 
sistance, a sensor element capable of detecting a vibra- 
tion of the movable portion in fine precision, and meth- 
ods of fabricating the elements. 

50 Summary of the Invention 



[0010] According to the present invention, firstly pro- 
vided is a piezoelectric/electrostrictive device compris- 
ing a driving portion to be driven by a displacement of a 
piezoelectric/electrostrictive element, a movable portion 
to be operated based on a drive of the driving portion, 
and a fixing portion lor holding the driving portion and 
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device being characterized in that the driving portion is 
formed of a pair of thin plate portions facing each other, 
and a film-like piezoelectric/electrostrictive element in- 
cluding at least a pair of an electrode films and a piezo- 
eleclric/electroslrictive film formed on at (east a part of 5 
the outer surface of at least one thin plate portion of the 
thin plate portions, the fixing portion is coupled with the 
movable portion via the driving portion, a hole is defined 
by an inner wall of the driving portion, an inner wall of 
the movable portion, and an inner wall of the fixing por- 10 
tion, at least one side of a piezoelectric operating portion 
of the piezoelectric/electrostrictive element in a direc- 
tion connecting the fixing portion with the movable por- 
tion is structured to exist on the fixing portion or the mov- 
able portion, and a ratio a/b of the thickness a of the hole ,s 
and the width b of the thin plate portion is 0.5 to 20. 
[0011] Further provided in the present invention are a 
piozoelectric/eloctrostrictive device characterized in 
that the width of the thin plate portion is the same as the 
width of the piezoelectric/eleclrostrictive element 20 
formed on the thin plate portion; a piezoelectric/electros- 
trictive device characterized in that a ratio e/a of the 
length e of the thin plate portion and the thickness a of 
the hole is 0.5 to 10; a piezoelectric/electrostrictive de- 
vice characterized in that a ratio a/b of the thickness a 25 
of the hole and the width b of the thin plate portion is 1 
to 10, and a ratio e/a of the length e of the thin plate 
portion and the thickness a of the hole is 0.7 to 5; and 
a piezoelectric/electrostrictive device wherein the mov- 
able portion and the fixing portion are rectangular solid 30 
body. 

[0012] According to the present invention, secondly 
provided is a piezoelectric/electrostrictive device com- 
prising a driving portion to be driven by a displacement 
of a piezo-electric/electrostrictive element, a movable 35 
portion to be operated based on a drive of the driving 
portion, and a fixing portion for holding the driving por- 
tion and the movable portion, said piezoelectric/elec- 
trostrictive device being characterized in that the driving 
portion is formed of a pair of thin plate portions facing 40 
each other and a film-like piezoelectric/electrostrictive 
element comprising at least a pair of electrode films and 
a piezoelectric/electro-strictive film formed on at least a 
part of the outer surface of at feast one thin plate portion 
of the thin plate portions, the fixing portion is coupled 45 
with the movable portion via the driving portion, a hole 
is defined by an inner wall of the driving portion, an inner 
wall of the movable portion, and an inner wall of the fix- 
ing portion, and at least one side of a piezoelectric op- 
erating site of the piezoelectric/electrostrictive element 5° 
in a direction connecting the fixing portion and the mov- 
able portion is structured to exist on the fixing portion or 
the movable portion, the thickness a of the hole is 100 
jam to 2000 pm, and the width b of the thin plate portion 
is 50 pm to 2000pm. 55 
[0013] Further provided are a piezoelectric/electros- 
trictive device characterized in that the thickness a of 
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thin plate portion is 100 urn to 500 urn; a piezoelectric/ 
electrostrictive device characterized in that the width b 
of the thin plate portion is larger than the thickness d 
thereof , and the thickness d is 2 pm to 100 urn; a pie- 
zoelectric/eleclrostrictive device characterized in that 
the length e of the thin plate portion is 200 urn to 3000 
urn; a piezoelectric/electrostrictive device characterized 
in that the length f of the movable portion is 50 jjm to 
2000 urn; a piezoelectric/electro-strictive device where- 
in said piezoelectric/electro-strictive device has at least 
two driving portions; a piezoefectric/eiectrostrictive de- 
vice wherein said piezoelectric/electrostrictive element 
is a laminated type piezoelectric/electrostrictive element 
with a lower electrode film, a piezoelectric/electrostric- 
tive film, and an upper electrode film laminated in a layer 
form; a piozo-clcctric/clcctrostrictivo device wherein 
said piezo-electric/electrostnctive element is structured 
with a piezoeloctric/eloctrostrictivo element comprising 
a piozoelectric/electrostrictive film and a first electrode 
film and a second electrode film formed on at least one 
main surface of the piezoelectric/electrostriictive film; a 
piezoelectric/electrostrictive device wherein said piezo- 
electric/electro-strict ive elemnt is a piezoelectric/elec- 
trostrictive element having a structure in that a piezoe- 
lectric/electrostrictive element comprises a piezoelec- 
tric/elecrostriclive film and a first electrode film and a 
second electrode film of comb-type structure, and the 
first electrode film and the second electrode film are al- 
ternatively biting with a gap of a predetermined width 
between respective teeth of each comb; a piezoelectric/ 
electrostrictive device in which the movable portion, the 
thin plate portion, and the fixing portion are an integrally 
formed ceramics; a piezoelectric/electrostrictive device 
wherein said ceramics is a laminate of the ceramic; and 
a piezoelectric/electrostrictive device characterized in 
that at least one side in a direction connecting the fixing 
portion with the movable portion of a piezoelectric oper- 
ating portion in the piezoelectric/elec-trostrictrve ele- 
ment exist on the movable portion or the fixing portion, 
extending from bonding portion of the movable portion 
with a thin plate portion or a bonded portion of the fixing 
portion with a thin plate portion and over at least one 
half of the distance of the thickness d of the thin plate 
portion. 

[0014] Furthermore, thirdly provided in the present in- 
vention is a method of fabricating a piezoelectric/elec- 
trostrictive device comprising a driving portion to be driv- 
en by a displacement of a piezoelectric/electrostrictive 
element, a movable portion to be operated based on a 
drive of the driving portion, and a fixing portion for hold- 
ing the driving portion and the movable portion, 

said piezoelectric/electrostrictive device being pro- 
vided in that the driving portion is formed of a pair 
of thin plate portions facing each other, and a film- 
like piezoelectric/electrostrictive clement compris- 
ing and at least a pair of electrode films and a pie- 
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pan of the outer surface of at least one thin plate 
portion of the thin plate portions, the fixing portion 
is coupled with the movable portion via the driving 
pon ion , a hole is defined by an inner wall of the driv- 
ing portion, an inner wall of the movable portion, and 
an inner wall of the fixing portion, and at least one 
side in a direction connecting the fixing portion with 
the movable portion of a piezoelectric operating 
portion of the piezoelectric/electrostrictive element 
is structured to exist on the fixing portion or the mov- 
able portion; 

said method of fabricating the piezoelectric/electro- 
strictive device being characterized by including 
steps of preparing a ceramic green laminate com- 
prising at least one ceramic green sheet to become 
a thin plate, and at least one ceramic green sheet 
having at least one hole formed thereon, sintering 
!ho ceramic groon laminate to produce a ceramic 
laminate, forming a piezoelectnc/electrostrictivo el- 
ement by a film forming method on the outer surface 
of the thin plate of the ceramic iaminate obtained, 
and cutting the ceramic laminate having the piezo- 
olectric/electrostrictive element formed thereon. 

[0015] Further provided are a method fabricating a pi- 
e/oeleclric/electrostrictive device wherein the steps of 
preparing a ceramic green laminate include a step of 
preparing ceramic green sheets become a pair of thin 
plates in such manner that they are taiminated facing 
each other; a method fabricating a piezoelectric/elec- 
trostrictive device wherein the steps of preparing a ce- 
ramic green laminate include a step of preparing ceram- 
ic green sheets to become a pair of thin plates in such 
a manner that they are laminated on the outermost lay- 
ers facing each other, respectively; a method fabricating 
a piGZO-electric/electrostrictive device wherein the steps 
of preparing a ceramic green laminate include a step of 
preparing a laminate by laminating a ceramic green 
sheet to become a thin plate with at least one ceramic 
green sheet having at least one hole formed thereon; a 
method of fabricating a piezoelectric/electrostrictive de- 
vice wherein the steps of preparing a ceramic green 
laminate include a step of preparing a laminate by lam- 
inating a ceramic green sheet to become a thin plate 
with a desired number of the ceramic green sheets hav- 
ing each at least one hole formed thereon; and a method 
of fabricating a piezoelectric/electrostririctive device 
wherein the steps of preparing a ceramic green iaminate 
include a step of preparing a laminate by laminating at 
least one ceramic green sheet having at least one hole 
formed thereon with ceramic green sheets to become a 
pair of thin plates in such a manner that ceramic green 
sheets to become a pair of thin plates are placed by fac- 
ing each other on the outermost layer of the ceramic 
green laminate. 

[0016] Further provided arc a method of fabricating a 
pic/ooloctric/eloctrostrictivo device whoroin the slope of 



paring two laminates A by laminating a ceramic green 
sheet to become a thin plate laminated with at least one 
ceramic green sheet having at least one hole, respec- 
tively, preparing one green sheet having at least one 
5 hole formed thereon or a laminate B by laminating a plu- 
rality of ceramic green sheets having at least one hole 
formed thereon, and laminating laminates A by interven- 
ing said one ceramic green sheet having at least one 
hole formed thereon or the laminate B in a such manner 
to that respective thin plate portions are placed at the out- 
ermost layer, respectively, when the laminate is pre- 
pared; a method of fabricating a piezoelectric/electros- 
trictive device characterized in that a protrusion is pro- 
vided on a portion on an outside surface of a layer of at 
f5 least one side of the outermost layer of the ceramic 
green laminate excluding at loast the thin piatc portion; 
a method fabricating of a piezoeloctric/ofectrostnctivo 
device wherein said method of fabricating a piezoelec- 
tric/electrostrictive device tncludos steps of laminating, 
20 on a outermost layer of a laminate comprising ceramic 
green sheets having at loast one hole formed thereon, 
respectively, a ceramic green sheet having at least one 
hole formed thereon which is mounted on a plastic film 
in such a manner that said plastic film becomes a new 
25 outer fayer when at least a plurality of ceramic green 
sheets having at least one hole formed thereon, respec- 
tively is laminated, and then removing the plastic film 
after holes are accurately aligned; a method of fabricat- 
ing a piezoelectric/electrostrictive device, wherein said 
oo method of fabricating a piezoefectric/electro-strictive 
device includes steps of laminating a ceramic green 
sheet having at least one hole formed thereon which is 
mounted on a plastic film on a ceramic green sheet to 
become the thin plate in such manner that the plastic 
35 film is placed as an outer layer, and removing the plastic 
film after holes are accurately aligned; a method of fab- 
ricating a piozoelectric/electrostrictive device where tho 
plastic film is a poly(ethyleneterephthalate) film; a meth- 
od of fabricating a piezoelectric/el ectrostrictive device, 
*o wherein a ceramic laminate with a piezoelectric/elec- 
trostrictive element formed on the outer surface of the 
thin plate portion is further cut into a plurality of desired 
units, and then the cut units are heat treated at 300°C 
to 800°C; and a method of fabricating a piezoelectric/ 
45 electrostrictive device, characterized in. that when a ce- 
ramic laminate with the piezoelectric/electrostrictive el- 
ement formed thereon is cut, the piezoelectric/electros- 
trictive element and the laminate is simultaneously cut 
so as to make the width of the piezoelectric/electrostric- 
so tive element the same as the width of thin plate portion 
of the laminate. 

[0017] It is preferable that a piezoefectric/electrostric- 
tive device according to the present invention compris- 
es, as aforementioned, a movable portion, a thin plate 
55 portion, and a fixing portion in an integrally formed ce- 
ramic, and it is more preferable that the moving portion, 
the thin pinto portion, and tho fixmq portion am corn- 
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jor component or a material with partially-stabilized zir- 
conia as a major component, and it is specifically pref- 
erable that at least a movable portion, a thin plate por- 
tion, and a fixing portion are a sintered ceramic green 
laminate. This is because the bonded portion between 
a movable portion, a thin plate portion, and a fixing por- 
tion can be made a borderless structure by sintering in- 
tegration, thus long term reliability with lapse of time can 
be improved, and additionally a high displacement can 
be showed with a good reproducibility by suppressing a 
phenomenon such as drifting or the like, as a displace- 
ment as a device with lapse oftime, to extremely small. 
[0018] It should be noted that, when fabricating a de- 
vice of a structure according to the present invention, in 
addition to all parts integrally sintered, a laminate divid- 
ed in a mutually opposing direction of thin plate portions, 
namely a ceramic laminate composed of one thin plate 
portion and members constituting in the future a fixing 
portion and a movable portion in rectangular solid forms 
is prepared, a piezoelectric/electrostrictive element is 
formed by the screen printing so that the element over- 
laps a thin plate portion and a movable portion and/or a 
fixing portion of the ceramic laminate, and at least two 
sintered structures each formed by integrally sintering 
with the ceramic laminates are prepared, and by bond- 
ing the sintered struclures so that the thin plate portions 
are separated (away from) each other, namely by bond- 
ing each of the above-described portions to be the fixing 
portion and the movable portion in the future so as to 
combine by using an adhesive or the like, thus a device 
can also be obtained. However, since a device fabricat- 
ed by integrally sintering all members does not have, in 
a structure, a discontinuous portion like a bonded por- 
tion where a third member intervenes, the device is su- 
perior in stability and reliability even if a stress is applied 
to the device by operation of the driving portion, thus it 
is desirous to form a device by a method of integrally 
sintering all members as described above without using 
an adhesive or the like. 

[0019] Further, it is preferable that, in a piezoelectric/ 
electrostrictive device according to the present inven- 
tion, a piezoelectric/electrostrictive film constituting a pi- 
ezoelectric/el ectrostrictive element is composed of a 
material including lead zirconate, lead titanate, and lead 
magnesium niobate as a major component, and a ma- 
terial composed of sodium bismuth titanate as a major 
component is also preferable. As will be appreciated, 
details of materials to be used is hereinafter described. 
[0020] Furthermore, according to the present inven- 
tion, an optical shutter is provided. The optical shutter 
is for controlling transmission and shielding of the light 
by relatively moving two shields, and at least one of the 
shields is mounted on a movable portion of the above- 
described piezoelectric/electrostrictive device. 

Brief Description of the Drawings 



an embodiment of a piezoelectric/electrostrictive device 
of the present invention 

[0022] Fig. 2 shows a schematic perspective view of 
an embodiment of a conventional piezoelectric actuator. 
5 [0023] Fig. 3 shows a schematic explanatory view of 
an operational mode of a piezoelectric/electrostrictive 
device of the present invention. 
[0024] Fig. 4 shows a schematic explanatory view of 
another embodiment of a piezoelectric/electrostrictive 
to device of the present invention. 

[0025] Fig. 5 shows a schematic explanatory view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0026] Fig. 6 shows a schematic perspective view of 
'5 still another embodiment of a piezoelectric/electrostric- 
tive dovico of the present invention. 
[0027] Fig. 7 shows a schematic perspective view of 
still another embodiment of a piozooloctric/electrostnc- 
tive device of the present invention. 
20 [0028] Fig. 8 shows a schematic perspective view of 
still another embodiment of the piezoelectric/electros- 
trictive device of the present invention. 
[0029] Fig. 9 shows a schematic perspective view of 
still another embodiment of a piezoeiectnc/eiectrostric- 
25 tive device of the present invention. 

[0030] Fig. 1 0 shows a schematic perspeclive vie w of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0031] Fig. 1 1 shows a schematic perspective view of 
30 still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0032] Fig. 1 2 shows a schematic perspective view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0033] Fig. 1 3 shows a schematic perspective view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0034] Fig. 1 4 shows a schematic perspective view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0035] Fig. 1 5 shows a schematic perspective view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0036] Fig. 1 6 shows a schematic explanatory view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0037] Fig. 17 shows a schematic perspective view of 
an embodiment of a piezoelectric element constituting 
a piezoelectric/electrostrictive device of the present in- 
so vention. 

[0038] Fig. 18 shows a schematic perspective view of 
another embodiment of a piezoelectric element consti- 
tuting a piezoelectric/elecrostrictive device of the 
present invention. 
55 [0039] Fig. 1 9 shows a schematic perspective view of 
still another embodiment of a piezoelectric element con- 
stituting a piezoelectric/elecrostrictive device of the 
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[0040] Figs. 20 (a) and (b) show schematic explana- 
tory views of another embodiment of an electrode lead 
arrangement method of a piezoelectric/electrostrictive 
device of the present invention. 
[0041] Figs. 21 (a) and (b) show schematic explana- 
tory views of examples of ceramic green sheets to be 
used in fabricating a piezoelectric/electrostrictive device 
of the present invention. 

[0042] Fig. 22 shows side views of an embodiment of 
a fabricating method of a piezoelectric/electrostrictive 
device of the present invention. 
[0043] Figs. 23 (a), (b), (c), and (d) show process 
views of an embodiment of a fabricating method of a 
ptezoelectric/electrostrictive device of the present in- 
vention. 

[0044] Figs. 24 shows perspective views of another 
embodiment of a fabricating method of a piezoelectric/ 
electrostnetive device of the present invention, and Fig. 
24 (a) shows a perspective view of a cutting position, 
and Fig. 24 (b) shows a perspective view of a device 
after being cut. 

[0045] Figs. 25 shows schematic explanatory views 
of an embodiment of an optical shutter of the present 
invention, and Fig. 25 (a) shows a perspective view 
thereof, and Fig. 25 (b) shows a top view thereof. 
[0046] Figs. 26 shows schematic explanatory views 
of another embodiment of an optical shutter of the 
present invention, and Fig. 26 (a) shows a perspective 
view, Fig. 26 (b) shows a top view, and Fig. 26 (c) shows 
an enlarged view of a shield thereof. 
[0047] Fig. 27 shows a graph showing measured re- 
sults of displacement quantities in the X-axis and the Y- 
axis directions when a pulse voltage is applied to a pie- 
zoelectric/electrostrictive device of the present inven- 
tion by use of the laser Doppler vibrometer. 
[0048] Figs. 28 shows a schematic view of an exam- 
ple of a fabricating method of a piozoelectric/eloctros- 
trictive device of the present invention, and Fig. 28 (a) 
shows a schematic sectional view of a case where a ce- 
ramic green sheet with at least one hole formed thereon 
mounted on a plastic film is not used, and Fig. 28 (b) 
shows a schematic sectional view of a case where the 
device is fabricated in that a ceramic green sheet mount- 
ed on a plastic film and with at least one hole formed 
thereon is fabricated by laminating on the outermost lay- 
er of the laminate of green sheets each with at least one 
hole formed thereon, and then the plastic film is re- 
moved and a green sheet constituting a thin plate is lam- 
inated. 

[0049] Fig. 29 shows a schematic explanatory view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0050] Fig. 30 shows a schematic explanatory view of 
still another embodiment of a piezoelectric/electrostric- 
tive device of the present invention. 
[0051] Fig. 31 shows a schematic explanatory view of 
still another embodiment of a piezoolectric/olectrostric- 



[0052] Fig. 32 shows schematic views of examples of 
respective ceramic green sheet to be used in a laminate 
of green sheets in a fabricating method of a piezoelec- 
tric/electrostricitive device of the present invention, 
5 [0053] Fig. 33 shows a graph showing displacement 
quantities relative to voltages applied. 
[0054] Fig. 34 shows a perspective explanatory view 
of another embodiment of a piezoelectric element con- 
stituting a piezoelectric/electrostrictive device of the 
to present invention. 

[0055] Fig. 35 shows a schematic perspective view of 
a piezoelectric actuator used as a comparative exam- 
pie. 

1 5 Description of Preferred Embodiments 

[0056] A piezoelectric/electrostrictive device of the 
present invention is hereinafter described with refer- 
ence to drawings. However, the present invention is not 
20 restricted to embodiments shown in the drawings. 
[0057] It should be noted that, in the descriptions to 
be made hereinafter, "piezoelectric" may mean "piezo- 
electric and/or electrostrictive". Further, a piezoelectric/ 
electrostrictive element in the present application de- 
25 notes an element including at least a pair of electrode 
films and a piezoelectric/electrostriclive film, and an el- 
ement with only an electrode film or" only a piezoelectric/ 
electrostrictive film, or a portion only with an electrode 
and a piezoelctric/electrostricitve film may also exist. 
30 Further, a piezoelectric operating portion, or a piezoe- 
lectric/electrostrictive portion is meant, if a description 
is made for an example in a case with a displacement 
element, in a piezoelectric/electrostrictive element of 
the present application, by a portion where a strain is 
3$ caused and a displacement is developed when a volt- 
age is applied from outside, namely by a portion sub- 
stantially comprising a pair of electrodes and a piezoe- 
lectric/electrostrictive film. Further, "length" means a 
distance in a direction connecting a movable portion 
jo with a fixing portion, namely in the Z-axis direction in the 
drawings, "width" means a distance in a direction pen- 
etrating through a hole, namely in the Y-axis direction in 
the drawings, and "thickness' means a distance in the 
laminating direction of a piezoelectric element and a thin 
45 plate, namely in the X-axis direction in the drawings. It 
• should be noted that, in the drawings, those having the 
same or the similar function are denoted, in principle, by 
the same symbols. 



so 1 . Embodiments of Device 

[0058] 'A piezoelectric/electrostrictive device (herein- 
after simply referred to as 'device") is a notion covering 
an element for converting electric energy into mechan- 
55 icai energy, and vice versa, by way of a piezoelectric/ 
electrostrictive material. Accordingly, whereas the ele- 
ment is preferably used as an active element of a variety 
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as a displacement element utilizing a displacement due 
to an inverse piezoelectric effect or an efectrostrictive 
effect, the element can also be used as a passive ele- 
ment of an acceleration sensor element, a impact sen- 
sor element, or Ihe like. 

[0059] Fig 1 shows a schematic perspective view of 
an embodiment of a device 1 according lo a first aspect 
of the present invention. The device 1 comprises each 
member of a driving portion 3 which is driven by a dis- 
placement of a piezoelectric element 2, a movable por- 
tion 4 which is displaced based on a drive of the driving 
portion 3, and a fixing portion 5 which holds the driving 
portion 3 and the movable portion 4. The driving portion 
3 comprises a pair of thin plate portions 6, 7 facing each 
other, and a film-like piezoelectric/electrostrictive ele- 
ment 2 formed on tho outer surface of at least one thin 
plate portion of the thin plate portions, the fixing portion 
5 is coupled with the movable portion 4 via the driving 
portion 3, a part of a piezoelectric operating portion ex- 
ists on the fixing portion, and a hole is defined by an 
inner wall of the driving portion 3, an inner wall of the 
movable portion 4, and an inner wall of the fixing portion 
5. In a structure where a piezoelectric operating portion 
according to the present invention is overlapping the fix- 
ing portion or the movable portion, it is characterized in 
(hat a displacement shape of the driving portion is in a 
shape such that the thin plate portion bends toward the 
outside space, thus the movable portion can be largely 
displaced in displacement mechanism. Here, in order to 
ensure the displacement shape, it is preferable that a 
disl'ance of the piezoelectric/electrostrictive operating 
portion overlapping the fixing portion or the movable 
portion is more than one half of the thickness d of the 
thin plate portion. 

[00SO] The device 1 is so structured that a ratio a/b of 
the thickness of the hole, namely a distance a in the X- 
axis direction in Fig. 1 , and tho width of the thin plate 
portion, namely a distance b in the Y-axis direction in 
Fig. 1 is 0.5 to 20. The ratio a/b is preferable 1 to 10, 
and more preferably 2 to 3. The defined value of a/b is 
based on a finding that a displacement of a piezoelec- 
tric/electrostrictive device according to the present in- 
vention is made larger, and a displacement in the X-Z 
plane in Fig. 1 can be dominantly obtained. On the other 
hand, a ratio e/a of the length of the thin plate portion, 
namely a distance e in the Z-axis direction in Fig. 1 , and 
the thickness a of the hole a is preferably 0.5 to 10, and 
more preferably 0.7 to 5. The defined value of e/a is 
based on a finding that a piezoelectric/electrostrictive 
device according to the present invention can generate 
a high displacement at a high resonant frequency, 
namely at a high responsive speed. Consequently, in 
order tomake the present device to be a structure where 
a swung or flapped displacement or vibration in the Y- 
axis direction is suppressed, and the device is superior 
in high speed responsibility and also has a larger dis- 
placement at a relatively low voltage, it is specifically 



e/a at 0.5 to 10, and remarkably preferable to have the 
ratio a/b at 1 to 10, and the ratio e/a at 0.7 lo 5. By the 
way, the hole 8 may be filled with a gel material, for ex- 
ample, a silicone gel. 
5 [0061] The length f of Ihe movable portion 4 shown in 
Fig. 1 is preferably shorter. With shorter f, the movable 
portion 4 can be made lighter in weight and a resonant 
frequency can be higher However, in order to secure 
stiffness of the movable portion 4 in the X-axis direction, 
10 and to ensure a displacement thereof, a ratio f/d relative 
to the thickness d of the above-mentioned thin plate is 
to be 3 or more, and preferably 1 0 or more. It should be 
noted that actual dimensions of each components are 
determined by paying due consideration to a bonding 
'5 area for attaching components to the movable portion 
4, a bonding area for attaching the fixing portion 5 to 
another member, a bonding area for attaching electrode 
terminals or the like, mechanical strength and durability 
of the device as a whole, a required displacement and 
20 a resonant frequency, a driving voltage, and the like. Or- 
dinarily, the value of a is preferably 1 00 urn to 2000 urn, 
and more preferably 200 u-m to 1 000 um Ordinarily, the 
value of b is preferably 50 u.m to 2000 urn, and more 
preferably 100 um to 500 urn. Ordinarily, in order that a 
25 flapped displacement, or a displacement component in 
the Y-axis direction can be effectively suppressed, the 
value of d is b > d relative to. the thickness b of the hole 
portion, and preferably 2 um to 100 u.m, and more pref- 
erably 4 Mm to 50 u.m. Ordinarily, the value of e is pref- 
30 erably 200 urn to 3000 urn and more preferably 500 um 
to 2000 jim. And ordinarily, the value off is preferably 50 
um to 2000 um, and more preferably 100 uxn to 1000 
um. It should be noted that, by structuring the device in 
this way, the displacement in the Y-axis direction relative 
3S to the displacement in the X-axis, the main axis, direc- 
tion does not ordinarily exceed 10%, however, by suit- 
ably adjusting within a range of the preferable dimension 
ratios and the actual dimensions, driving at a lower volt- 
age is possible, and the displacement component in the 
to Y-axis direction can be adjusted to 5% or less, which is 
a remarkably superior advantage. In other word, a sub- 
stantially dominant dis-placement is obtained for one 
axis of the X-axis, which is the main axis. Thus, a device, 
which is superior in high speed responsibility and devel- 
*5 ops a larger displacement at a relatively low voltage, can 
be obtained. 

[0062] By the way, the driving direction of the driving 
portion 3 is schematically shown in Fig. 3. In Fig. 3, a 
case is shown where the device 1 has the piezoelectric 
; o element 2 formed on a surface of one of a pair of the 
thin plate portions 6 and extended over to the fixing por- 
tion, and in this case, the driving portion drives in a di- 
rection orthogonally crossing the displacement direction 
of the piezoelectric element which is shown by a symbol 
55 a' in Fig. 3, namely in a direction shown by a symbol b'. 
In other words, since an infinitesimal displacement in ex- 
pansion-contraction direction of the piezoelectric ele- 
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ing of the thin plate portion 6, and then transmitted to 
the movable portion 4, the movable portion 4 can be op- 
erated in a large magnitude as shown by a symbol c\ 
[0063] It should be noted that, in the device 1 , since 
Ihe shape of the device is not a board-like body as 
shown in Fig. 2, while the movable portion 4 and the 
fixing portion 5 are in a rectangular solid form, and the 
thin plale portions 6 and 7 are provided so that the side 
faces of the movable portion 4 and the fixing portion 5 
are continuous, stiffness of the device in the Y-axis di- 
rection can be selectively raised. In other words, in the 
device 1, only an operation of the movable portion 4 
within a plane including the driving direction of the driv- 
ing portion 3, namely within the XZ plane, can be selec- 
tively generated, and an operation within the YZ plane 
of the movable portion 4, or an operation in the so-called 
flapped direction can be suppressed. 
[0064] " The shape of a hole 3 defined by an inner wall 
of the driving portion 3, an inner wall of the movable por- 
tion 4, and an inner wall of the fixing portion 5 can be 
optional as long as the operation of the driving portion 
is not hampered. For example, the shape may be that 
the central portion has curvatures formed toward out- 
ward both in the left and the right as shown in Fig. 4, or 
the central portion has curvatures formed toward inward 
both in the left and Ihe right as shown in Fig. 5. In both 
shapes, the device is bent in the displacement direction, 
thus a desired displacement can be obtained at a rela- 
tively low voltage. 

[0065] The hole 8 may be formed with a part thereof 30 
encroaching into a part of the movable portion 4, as 
shown in Fig. 6, or may be formed with a part thereof 
encroaching into a part of the fixing portion .5 as well as 
into the movable portion 4, as shown in Fig. 7. Parts of 
the hole 8 formed in the movable portion 4 and the fixing 
portion 5 are not necessarily to be mutually similar or 
the same, and the shapes may be determined depend- 
ing on a mode of application or the like of the device. Of 
course, the shape of the hole to be formed inside the 
movable portion 4 and/or the fixing portion 5 is not re- 
quired to be a rectangular solid or a cubic form, and can 
be optionally selected from known shapes depending 
on a mode of application or the like thereof. In any of the 
above-mentioned cases, the volume of the movable 
portion 4 and/or the fixing portion 5 can be reduced. 
Consequently, an advantage can be represented that 
the device is naturally made lighter in weight, and par- 
ticularly in the movable portion 4, the reduced weight 
favorably acts to increase a resonant frequency. Fur- 
ther, since a joined portion of the thin piate portion with 
the movable portion or the fixing portion has a stepped 
structure, a stress centered at the joining portion can be 
effectively relieved, in comparison with an embodiment 
not having such stepped structure, thus improving long- 
term reliability. 

[0066] As shown in Fig. 8, a through-hole 8' may be 
formed in a part of the movable portion 4 in a form com- 
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through-hole 8' may be formed in a part or the fixing por- 
tion 5. in a form corresponded to Fig. 7, in the similar 
way as in the movable portion 4 in a form communicated 
with the hole 8. Of course, the through-hole 3' may be 
formed in a part of Ihe fixing portion 5, instead of the 
movable portion 4, in a form communicated with tfie hole 
3, though not shown. The through-holes 8' formed in the 
movable portion 4 and the fixing portion 5 are not re- 
quired to be mutually similar or the same in shape, and 
the shape may be determined depending on a mode of 
application or the like of the device. Of course, the 
through-hole 3' formed in the movable portion 4 and/or 
the fixing portion 5 is not required to be in a rectangular 
solid or a cubic form, and it goes without saying that the 
shape thereof can be optionally selected from known 
shapes depending on a mode of application or the like 
thereof. 

[0067] Now description is made about a piezoelectric/ 
electrostrictive device comprising a driving portion to be 
driven by a displacement of a piezooloctric/olectrostric- 
tive element, a movable portion to be operated based 
on a drive of the driving portion, and a fixing portion for 
holding the driving portion and the movable portion, 
wherein the driving portion is formed of a pair of thin 
plate portions facing each other and a film-like piezoe- 
leclric/eleclroslriclive operating portion formed on at 
least a part of the outer surface of at least one thin plate 
portion of the thin plate portions and having a length 
which exceeds the length of the thin plate portion con- 
stituting the driving portion, and reaches to at least a 
part of the movable portion, and/or having a width which 
a width same as the width of the thin plate portion the 
fixing portion is coupled with the movable portion via the 
driving portion, and a hole is defined by an inner wall of 
the driving portion, an inner wall of the movable portion, 
and an inner wall of the fixing portion. 
[0068] To begin with, description is made about an 
embodiment where a piezoelectric/electrostrictive ele- 
ment formed on at least a part of the outer surface of at 
least one thin plate portion of the thin plate portions hav- 
ing a width same as the width of the thin plate portion, 
as shown in Fig. 9, is used. When the width of the pie- 
zoelectric/electrostrictive element is same as the width 
of the thin plate portion, as shown in Fig. 9 and Fig. 10, 
a generating force of the driving portion is increased, 
thus favorably acting on a higher displacement. In this 
case, a device may be implemented with piezoelectric 
elements 2 formed respectively on both of the pair of the 
thin plate portions, with a lower electrodes 2c of the two 
piezoelectric elements 2 being made to be commonly 
used, and is drawn out from the side of the fixing portion 
5 on one surface where the hole 8 is apertured, and with 
an upper electrode 2b which is directly drawn out on the 
side of the fixing portion 5 of the surface where each 
piezoelectric elements 2 are formed. In this embodi- 
ment, since a part of the side of the fixing portion 5 on 
the other surface where the hole 8 is apertured, namely 
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and the part can be utilized for securing the device, the 
device can be reliably secured, favorably serving for 
compaction or the like, which is an advantage. Further, 
as to be described hereinafter, the surface of the elec- 
trode 2c may be made as a fixing surface, and bonding 
and securing with circuits or the like may be simultane- 
ously performed. Furthermore, Fig. 10 shows an em- 
bodiment of a through-hole 3' formed in a part of the 
movable portion 4, as shown in above-described Fig. 8, 
in a form communicated with the hole 8, where the 
length of the piezoelectric/elctrostrictive element is ex- 
tended to a part of the movable portion 4 using an ele- 
ment which is longer in Z-axis direction. In this embod- 
iment, an advantage by the formation of the through- 
hole 8' and another advantage by the elongation in 2- 
axis direction of the length of the piczocicctric/clcctros- 
trictivG element are demonstrated, which is preferable. 
Of course, the similar structure may be utilized in em- 
bodiments shown in Fig. 1, and Figs. 3 to 8. In Fig. 9, 
howovor, although an element is formed to the vicinity 
of the movable portion 4, from an displacement mech- 
anism standpoint of the device according to the present 
structure, it is preferable to form an element at a position 
over a length of 65% to 85% of the length of the thin 
plate portion, which can produce a large displacement. 
[0069] Now, description is made about an embodi- 
ment where a piezoelectric/electrostrictive operating 
portion has a length which exceeds the length of the thin 
plate portion constituting the driving portion and reaches 
to at least a part of the movable portion, as shown in Fig 
11 and Fig. 29. When using this structure, the mechan- 
ical strength of the joining portion between the movable 
portion and the thin plate portion can be reinforced and 
a resonant frequency can be also raised. Further, Fig. 
29 shows a case, similarly with Fig. 9, where the width 
of a piezoelectric element is made in the same width as 
the width of the thin plate portion, and an end surface 
thereof shares the end surface of the movable portion. 
According to this structure, a largely generated dis- 
placement and generating force based on the effect of 
the width of a piezoelectric element is added to the effect 
of the structure shown in Fig. 1 1 . Further, there is a char- 
acteristic that variation of features among opposing pi- 
ezoelectric elements is small, since a shape of the pie- 
zoelectric element is determined together with the fixing 
portion by mechanical machining or the like to be de- 
scribed hereinafter. Although, in Figs. 11 and 29, lengths 
of a lower electrode, a piezoelectric film, and an upper 
electrode in a piezoelectric element are the same, the 
lengths are not necessarily to be the same, and from the 
displacement mechanism standpoint of the device ac- 
cording to the present structure, it is preferable that at 
least the upper electrode is made shorter than the pie- 
zoelectric film and the lower electrode to be around 50% 
of the length of a thin pfate portion (hole part length). It 
is preferable to have this sort of electrode structure, 
since a large displacement can be obtained while se- 
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the thin plate portion with the movable portion, 
[0070] In embodiments shown in Fig. 30 and Fig. 31, 
different from the embodiment in above-described Fig. 
9, an element is formed in the thin plate portion to the 
vicinily of the fixing portion 5. In olher words, while the 
element is formed as a piezoelectric operating portion 
in a mode extending over the thin plate portion and the 
fixing portion in Fig. 9, in Fig. 30 and Fig. 31, the piezo- 
electric operating portion is contrarily formed in a mode 
extending over the thin plate portion and the movable 
portion. Also in Fig. 30 and Fig. 31, in the same way as 
in Fig. 9, the width of a piezoelectric/electrostrictive el- 
ement is the same as the width of the thin plate portion, 
and therefore, an advantage same as the case with Fig. 
9 is obtainable, and the movable portion per se can be 
displaced basically in the same way as is the case in 
Fig. 9. It should be noted that Fig. 30 is an embodiment 
in which a terminal is formed on the fixing portion on the 
same surface as the surface where an element is 
formed, while Fig. 31 is an embodiment in which a ter- 
minal is formed in the fixing portion and the movable por- 
tion on the same surface as the surface where an ele- 
ment is formed, and an element with a terminal provided 
at a specific position may bo selected for use depending 
on a mode of respective device packaging. 
[0071] Now, arrangement of a driving signal applying 
terminal 10 shown in Fig. 12 and Fig, 13 is described. 
Fig. 12 shows an embodiment in which the driving signal 
applying terminals 10 are arranged on the side face of 
the fixing portion 5, namely on the same surface as the 
surface where a piezoelectric/electrostrictive element is 
formed. According to this structure, the device can be 
secured independently of the surface where the termi- 
nals are arranged, thus high reliability can be obtained 
in securing the device and bonding of circuits with ter- 
minals. In this embodiment, the terminals and the cir- 
cuits are bonded by means of the flexible printed circuit 
(also called FPC), the flexible flat cable (also called 
FCC), the wire bonding or the like. Fig. 13 shows the 
driving signal applying terminals 10 arranged on a sur- 
face orthogonally crossing the surface having a piezo- 
electric/electrostrictive element arranged thereon. If the 
surface with the driving signal applying terminals formed 
thereon is utilized as a fixing surface, there is an advan- 
tage that the connection of the driving signal applying 
terminals 10 with the circuits (not shown) and the secur- 
ing of the device per se can be simultaneously per- 
formed. In this embodiment, a through hole is previously 
provided in the fixing portion 5, the through-hole is filled 
with a conductive material, and a piezoelectric/electros- 
trictive element pattern is formed so that respective 
electrodes and the through-hole are respectively joined, 
then the filled surface of the through-hole is exposed by 
machining, and the surface is thus utilized as the driving 
signal applying terminal 10. As a conductive material, a 
conductor wire may bo embedded. It should be noted 
that the through-hole provided in the vicinity of the hole 
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[0072] Now, an embodiment with a beam formed in 
the hole 8 is described. Fig. 14 shows an embodiment 
of a beam 1 2 formed in parallel with the Z-axis direction, 
and Fig. 1 5 shows an embodiment of a beam 1 2 formed 
perpendicularly in Ihe Z-axis direction, tn Ihe embodi- 
ment shown in Fig. 14, stiffness of the device can be 
raised without substantially reducing a displacement, 
with a resultantly raised resonant frequency, which is an 
advantage. In an embodiment shown in Fig. 1 5, stiffness 
of the device can be raised, and as the result, an advan- 
tage can be realized that a resonant frequency is raised. 
Fig. 1 6 shows an embodiment of a beam 1 2 formed per- 
pendicularly in the Z-axis direction similarly as shown in 
Fig. 15, with an addition of two each piezoelectric/elec- 
trostrictive elements arranged sandwiching respective 
holes 8. 

[0073] In the above-doscribed embodiment, by indi- 
vidually controlling a plurality of the piezoelectric ele- 
ments 2, and by differentiating displacement quantities, 
easily obtainable is an operation in which an arc-shaped 
operation within the XZ surface and an expanding-con- 
tracting operation in the Z-axis direction are synthe- 
sized. By the way, the embodiment shown in Fig. 16 
shows a structure which is preferable to the application 
for such uses as sensing by means of independently 
performing displacement operations of the upper site 4 
and the lower site-4 in Fig. 16. 

[0074] Furthermore, it is also possible to use one of 
two piezoelectric elements 2 as a driving element, and 
the other as a vibration detecting element. In other 
words, by using the driving portion of the device for de- 
tecting a displacement of the movable portion, the driv- 
ing portion can be functioned as an acceleration sensor 
or an impact sensor, thus detection of an anomaly of the 
driving element is made possible, and if a voltage to be 
applied to the driving element is controlled based on a 
signal from the detecting element, more precise control 
of operational quantity is made possible. Further, by de- 
tecting a vibration of a site per se where a piezoelectric/ 
electrostrictive device is provided, and then by giving to 
the, movable portion an operation of reverse phase so 
as to cancel the detected vibration, thus the relative vi- 
bration of the movable portion can be suppressed, 
which is an advantage. 

[0075] Further, a piezoelectric element is not neces- 
sarily formed on each thin plate portions, and the ele- 
ment may be divided into a plurality of elements as re- 
quired. For example, though not shown, when the ele- 
ment is divided in the Y-axis direction, a displacement 
can be controlled by each individual piezoelectric ele- 
ments, thus a displacement in the YZ surface (so-called 
a flapped component) can be suppressed, and when an 
element is divided in the Z-axis direction, the element 
becomes liable to be bent at the divided part, thus an 
operational quantity of the movable portion is increased 
and the resolution of the operational quantity can be im- 
proved. Further, when a piezoelectric element is divid- 
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made as a driving element, and the other as a detecting 
element, thus realizing a compact structure and detec- 
tion and control with higher precision. 
[0076] When a piezoelectric element of each thin 
■5 plate portions is divided as described above, it is pref- 
erable to provide a slit, though not shown, at the thin 
plate portion between the divided piezoelectric ele- 
ments. By structuring in this way, since the thin plate 
portion becomes liable to bend at the slit, an individual 
10 piezoelectric element becomes liable to displace, and 
as the result, a displace-ment of the piezoelectric ele- 
ment can be efficiently transmitted to the movable por- 
tion, which is another advantage. 
[0077] Of course, when there are two or more driving 
is portions, the movable portion and the fixing portion are 
not necessarily required to be at both ends of the device, 
and in an embodiment shown in Fig. 16, the both ends 
may be positioned by the fixing portions, and the moving 
portion 4 may be arranged between the fixing portions 
20 5-5. 

[0078] In such structure, although an operational 
quantity of the movable portion is reduced, mechanical 
strength and impact resistance can be improved as the 
device 1 can be assuredly secured, and the operation 
25 within the YZ surface (so-called an operation in a 
flapped direction) can be suppressed, which is still an- 
other advantage. 

[0079] In a case where a plurality of driving portions 
are provided as described above, it is preferable that 
30 each gaps, though not shown, between each driving 
portions are structured with a shorter distance com- 
pared with the gaps in the fixing portion and the movable 
portion. This is because an operational quantity can be 
increased in such structure. 
35 [0080] Further, each driving portions may be struc- 
tured so that a length thereof becomes shorter toward 
the movable portion. In this structure, at the shorter driv- 
ing portion, delicate control of a driving quantity be- 
comes possible while maintaining a driving quantity at 
40 the longer driving portion, thus it is preferable because 
a movable portion can be largely operated, and delicate 
adjustment also becomes possible. Furthermore, al- 
though balance with the mechanical strength is to be 
considered, it is preferable that the device has a notch 
45 formed between each driving portions, though not 
shown. At the notch, a thin plate becomes liable to be 
bent, thus an operational quantity of the movable portion 
can be increased. A device according to the present in- 
vention has, in addition to advantages described above, 
50 a further advantage that a composing materials can be 
suitably selected for members other than a piezoelec- 
tric/electrostrictive element in accordance with required 
features of each members, since it is not necessary to 
use a piezoelectric/electrostrictive material in structur- 
es ing whole of the device. In other words, by composing 
other members than the piezoelectric/electrostrictive el- 
ement with a material of lighter weight, the device can 
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in the similar way, mechanical strength, handling prop- 
erty, impact resistance, and humidity resistance of the 
device can be easily improved. 
[0081] Furthermore, as a filler is not needed to use, 
displacement efficiency due to an inverse piezoelectric 
effect or an electrostrictive effect is not reduced. 



ment 2, and comprises thin plate portions 6 and 7 facing 
each other, and film-like piezoelectric elements 2 re- 
spectively formed on the surfaces of the thin plate por- 
tions 6 and 7. 

G) Thin plate Portion 



2. Components of Device 

[0082] Now, though partially overlapping the above- 
described items, each members composing a device of 
the present invention is individually described in detail 
by an embodi-ment of the device shown in Fig. 1. 

(1 ) Movable Portion and Fixing Portion 

[0083] A movable portion 4 is a portion to be operated 
based on a driving quantity of a driving portion 3, to 
which a variety o! members are attached depending on 
application purposes of thodovice 1 . For example, when 
the device 1 is used as a displacement element, a shield 
of an optical shutter is attached, or the device 1 is used 
as a mechanism for aligning or suppressing ringing of a 
hard disk, a member requiring alignment, such as a 
magnetic head, a slider with a magnetic head mounted 
thereon, a suspension with a slider mounted thereon, or 
the like may be attached. 

[0084] A fixing portion 5 is a portion for holding the 
driving portion 3 and the movable portion 4, and by hold- 
ing and securing the fixing portion 5 to any base, for ex- 
ample, when used in aligning mechanism of a hard disk, 
to a carriage arm attached to a VCM (voice coil motor), 
a fixing plate attached to the carriage arm, or the like, 
the device 1 as a whole is secured. 
[0085] Further, there may be a case where an elec- 
trode lead or other members for controlling the piezoe- 
lectric element 2 may also be arranged. As a material 
for composing the movable portion 4 and the fixing por- 
tion 5, although any materials may be used without any 
specific limitation as long as stiffness is secured, a ce- 
ramics may be preferably used to which the ceramic 
green sheet laminating method to be described later can 
be applied. In particular, although zirconia such as fully- 
stabilized zirconia, partially-stabilized zirconia or the 
like, alumina, magnesia, silicon nitride, aluminum ni- 
tride, a material with titanium oxide as a major compo- 
nent, or the like, may be used, and in addition, a material 
with a mixture of such materials as a major component 
may be used, and in view of high mechanical strength 
and toughness, zirconia, particularly a material with ful- 
ly-stabilized zirconia as a major component and a ma-' 
terial with partially-stabilized zirconia as a major com- 
ponent are preferable. 

(2) Driving Portion 

[00B6] A driving portion 3 is a portion to bo driven in 



[0087] Thin plate portions 6 and 7 are flexible thin 
plate-like members, and have a function of amplifying 
to an expansion-contraction displacement of each piezo- 
electric elements 2 provided on the surfaces thereof into 
a bending displacement and transmitting the bending 
displacement to the movable portion 4. 
[0088] Accordingly, a shape and a material of the thin 
is plate portions 6 and 7 may be enough if the material has 
flexibility and mechanical strength enough to resist to 
the breakage due to a bending deformation, and the ma- 
terial can be suitably selected paying due consideration 
to responsibility and oporability of the movable portion. 
[0089] Ordinarily, the thickness of the thin plate por- 
tions 6 and 7 is preferably around 2^im to 100p.m. and 
combined thickness of the thin plate portions 6 and 7 
and the piezoelectric elements 2 is preferably 7(im to 
500u.m. The width of the thin plate portions 6 and 7 is 
25 preferably 50um to 2000jim. 

[0090] As a material for composing the thin plate por- 
tions 6 and 7, a ceramics may be preferably used in the 
similar way as with the moving portion 4 and the fixing 
portion 5, and zirconia, particularly a material with fully- 
30 stabilized zirconia as a major component or a material 
with partially-stabilized zirconia as a major component, 
is most preferably used because of large mechanical 
strength, high toughness, and small reactivity with a pi- 
ezoelectric film or an electrode material It should be not- 
35 ed that, of above-mentioned fully-stabilized and partial- 
ly-stabilized zirconia, the zirconia is stabilized prefera- 
bly as to be described hereinafter. Namely, as com- 
pounds for stabilizing zirconia, yttrium oxide, ytterbium 
oxide, cerium oxide, calcium oxide, and magnesium ox- 
40 jde may be used. Although zirconia is partially or fully 
stabilized by adding and including at least one of the 
above-mentioned compounds, zirconia can be stabi- 
lized for desired purpose not only by adding one kind of 
the compounds but also by adding a combination of the 
45 compounds. 

[0091] It should be noted that, of a quantity of the re- 
spective compounds to be added, in case of yttrium ox- 
ide and ytterbium oxide, it is t to 30 mol%, and prefer- 
ably 1.5 to 10mol%, of cerium oxide, 6 to 50 mol%and 
so preferably 8 to 20 mol%, and of calcium oxide and mag- 
nesium oxide, 5 to 40 mol% and preferably 5 to 20 mol%, 
and of all these compounds, particularly yttrium oxide 
can be preferably used as a stabilizer, and in the case, 
adding quantity may be 1 .5 to 10 moI%, and more pref- 
55 erably 2 to 4 mol%. Furthermore, as an additive to a sin- 
tering aid, it is also preferable that alumina, silica, a tran- 
sition metal oxide or the like may be added within a 
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[0092] It should be noted that in order to obtain 
above-mentioned mechanical strength and a stabilized 
crystal phase, it is desirable that the average crystal 
grain size of zirconia is 0.05 to 3 urn, and preferably 1 
urn or less Further, of Ihe Ihin plale portions 6 and 7, 5 
although a similar ceramic with Ihe movable portion 4 
and the fixing portion 5 may be used, as described 
above, it is preferable that a substantially same material 
is used in composition thereof in view of reliability of a 
joined portion, mechanical strength of a device, and re- 10 
duction in complicated fabricating works. 

©Piezoelectric Element 

[0093] A piezoelectric element 2 at least comprises a '5 
piezoelectric film, and a pair of electrodes for applying 
a voltago to the piezoolectric film. Although a conven- 
tionally known piezoolectric oloment such as unimorph- 
type, bimorph-type or the like may be used, it is prefer- 
able that the piezoelectric element 2 is composed of the 20 
unimorph-type piezoelectric element, which matches 
with the device described in this application, since the 
unimorph-type piezoelectric element is superior in sta- 
bility of generating displacement quantity, and advanta- 
geous in reducing weight. For example, as shown in Fig. 25 
1 7, a laminated type piezoelectric element 2, or the like, 
with a lower electrode 2c, a piezoelectric film 2a, and an 
upper electrode 2b, or the like, laminated thereon in a 
layer, may be preferably used. Further, in addition to a 
mechanism where the piezoelectric film 2a is sand- 30 
wiched by a pair of an upper and a lower electrodes, 
though not shown, it is also preferable that a piezoelec- 
tric element in multi-stair structure is formed by forming 
a piezoelectric film 2a further on the upper electrode (in 
this case, the electrode is not called as upper electrode), 35 
and forming an uppor electrode further on the piezoe- 
lectric film 2a. 

[0094] Also may be used is a piezoelectric element 2, 
as shown in Fig. 18, comprising a first electrode 2b and 
a second electrode 2c, both having comb-type structure, 40 
in which the first electrode 2b and the second electrode 
2c are alternately opposed with a gap 13 of a predeter- 
mined width between respective teeth of each combs. 
In Fig. 18, although a first electrode 2b and a second 
electrode 2c are arranged on the upper surface of the 45 
piezoelectric film 2a overlying the thin plate 6, the elec- 
trodes may be formed between the thin plate 6 and the 
piezoelectric film 2a, or the electrodes may be prefera- 
bly formed both on the upper surface of the piezoelectric 
film 2a and between the thin plate 6 and the piezoelectric so 
film 2a. In other words, in a piezoelectric element of the 
present structure, electrodes are formed on at least one 
main surface at least of a piezoelectric film 2a. Further- 
more, a piezoelectric element 2 as shown in Fig. 1 9 also 
comprises a first electrode 2b and a second electrode 55 
2c, both of comb-type structure, and is structured so that 
the first elect rode 2b and the v.ccon^ electrode 2c are 



width between respective teeth of each of combs. Al- 
though a piezoelectric element 2 is composed so as to 
embed the piezoelectric film 2a in a gap 1 3 between the 
first electrode 2b and the second electrode 2c, such pi- 
ezoelectric element may also be preferably used in a 
device according to the present invention When using 
a piezoelectric element having comb-type electrodes as 
is the case with the piezoelectric element shown in the 
above-mentioned Fig. 18 and Fig. 19, a displacement 
of the piezoelectric element can be increased by reduc- 
ing a pitch D between respective teeth of each combs. 
A shape of a thin plate portion, where a piezoelectric/ 
eiectrostrictive element according to the present appli- 
cation is formed, is not limited to be rectangular, and a 
circular form may also be used, and in such case, it is 
preferable to use a complementary-type piezoelectric/ 
olectrostnctive element. In Fig. 34, a pair of electrodes 
2b and 2c are structured rospoctively to have stems 20 
and 22, extending toward the center on the piezoelec- 
tric/electrostrictive film 2a, respectively with branches 
24 and 26 respectively multi-branched from the stems 
20 and 22. 

[0095] It should be noted that, although the piezoe- 
lectric element 2 is formed, like the device 1 shown Fig. 
1, preferably on the outer surface of the device 1 , from 
a viewpoint that a driving portion can be largely driven, 
the piezoelectric element 2 may also be formed inside 
the device 1 (namely in the hole), and-may also be 
formed on both inside and outside of the device 1 . It 
should be noted that, when the piezoelectric element 2 
is formed inside the device 1 , a method is that the pie- 
zoelectric element is simul-taneousiy formed at the time 
when fabricating the base comprising at least a thin 
plate portion, a fixing portion and a movable portion, to 
be hereinafter described, with the piezoelectric operat- 
ing portion overlapping the fixing portion and/or the mov- 
ing portion. As a piezoelectric film, although a piezoe- 
lectric ceramics is preferably used, an eiectrostrictive 
ceramics, a ferroelectric ceramics, or an untiferroelec- 
tric ceramics can also be used. However, when the pi- 
ezoelectric element 2 for a magnetic head or the like is 
used, it is preferable to use a material having small hys- 
teresis of strain, and a material having the coercive elec- 
tric field of 10 kV/mm or less is preferred, since the lin- 
earity between an operation quantity of the movable por- 
tion and a driving voltage or an output voltage is consid- 
ered to be important. 

[0096] As a particular piezoelectric ceramics that may 
be used for the purpose, listed is a ceramic containing 
lead zirconate, lead titanate, lead magnesium niobate, 
lead nickel niobate, lead zinc niobate, lead manganese 
niobate, lead antimony stannate, lead manganese tung- 
state, lead cobalt niobate, barium titanate, sodium bis- 
muth titanate, potassium sodium niobate, strontium bis- 
muth tantalate, or the like, singly or as a mixture. Par- 
ticularly in view that the ceramics has the higher elec- 
tromechanical coupling factor and piezoelectric con 
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lion (ceramics) at sintering of a piezoelectric film, and a 
ceramic stabilized in composition is obtainable, a mate- 
rial containing lead zirconate ; lead titanate, and lead 
magnesium niobate as a major component, or a material 
containing sodium bismulh lilanate as a major compo- 
nent may be preferably used. 

[0097] Further, for the above-mentioned piezoelectric 
ceramics, oxides of lanthanum, calcium, strontium, mo- 
lybdenum, tungsten, barium, niobium, zinc, nickel, man- 
ganese, cerium, cadmium, chromium, cobalt, antimony, 
iron, yttrium, tantalum, lithium, bismuth, tin, or the like 
may be used singly or as a mixture of ceramics. For ex- 
ample, when lanthanum or strontium is included in a 
mixture of lead zircon ate, lead titanate and lead magne- 
sium niobate which is a major component, an advantage 
may be obtained that the coercive electric field, piezoe- 
lectric characteristics or the like may be made ad|usta- 
ble. 

[0098] On the other hand, it is preferable that an elec- 
trodo of a piezoelectric element is a solid at room tem- 
perature, and is composed of a highly conductive metal, 
and such a metal, for example, aluminum, titanium, 
chromium, iron, cobalt, nickel, copper, zinc, niobium, 
molybdenum, ruthenium, palladium, rhodium, silver, tin, 
tantalum, tungsten, iridium, platinum, gold, lead, or the 
like is used singly or as an alloy of any of these mclals. 
Further, a cermet material dispersed with the same ma- 
terial as a piezoelectric film and/or a thin plate portion 
may also be used for the purpose. 
[0099] Selection^ a material for an electrode in a pi- 
ezoelectric element is determined depending on a pie- 
zoelectric film forming method. For example, when a 
first electrode is formed on a thin plate portion and then 
a piezoelectric film is formed on the first electrode by 
sintering, it is necessary to use a metal having high melt- 
ing point such as platinum or the like that is not changed 
at a sintering temperature of the piezoelectric film. How- 
ever, since a second electrode, to be formed on a pie- 
zoelectric film after the piezoelectric film is formed, can 
be formed at a lower temperature, a metal having a low- ■ 
er melting point such as aluminum, gold, silver, or the 
like may be used. 

[OtOO] As the thickness of an electrode may also be 
a factor for reducing a displacement of a piezoelectric/ 
eleclrostrictive element in not a small degree, specifi- - 
cally for an upper electrode described in Fig. 17, which 
is formed after sintering a piezoelectric/elect restrictive 
film, a comb-type electrode described in Fig. 13, or the 
like, it is preferable to use a material of organic metal 
paste, from which a finer and thinner film can be ob- - 
tained after sintering, for example, gold resinate paste, 
platinum resinate paste, silver resinate paste, or the like. 
[0101] Although a variety of modes are available for 
an electrode lead from a piezoelectric element, as a 
mode shown in Fig 9 or Fig. 11, in a device 1 having a - 
piezoelectric electrode 2 respectively formed on both 
thin plate portions 6 and 7 facing each other, a iowof 



monly used, and drawn out on the fixing portion 5 of one 
surface where a hole 8 is appertured, and upper elec- 
trodes 2b are directly drawn out on the fixing portion 5 
on surfaces where each piezoelectric elements 2 are 
5 formed. Since such modes have no electrode formed on 
a part (numeral 9 in Fig. 9) of the fixing portion 5 on the 
other surface where the hole 8 is apertured, and the part 
can be used for securing the device, the device can be 
reliably secured, thus preferably enabling compaction 
10 and the like of the device. 

[0102] As an alternative mode, as shown in Fig. 20 
(a), both an upper electrode 2b and a lower electrode 
2c may be drawn out so as tobe in parallel with thefixing 
portions 5 on surfaces where each piezoelectric ele- 
/s ments 2 are formed, or as shown in Fig. 20 (b), both an 
upper electrode 2b and a lower electrode 2c may be 
separately drawn out on the movable portion 4 and on 
the fixing portion 5 of surfaces whero each piezoelectric 
elements 2 are formed. 

20 

3. Fabricating Method of Device 

[01 03] Here, a method of fabricating a device accord- 
ing to the present invention is described. 
25 [0104] It is preferable that, for a device according to 
the present invention, a composing material of each 
members is a ceramics, and that all components, name- 
ly the base, of the device, except a piezoelectric ele- 
ment, comprising a thin plate portion, a fixing portion, a 
30 movable portion, and a beam, depending on a case, are 
fabricated by means of the ceramic green sheet lami- 
nating method, while it is preferable that each terminals, 
such as a piezoefectric/electrostrictive element to start 
with, may be fabricated by means of the film formation 
os methods fora thin film, thickfiim, or the like. The ceramic 
green sheet laminating method, capable of integrally 
forming each members of the base of the device, is an 
easy fabricating method in producing highly reliable 
joined portion and securing stiffness of the device, as 
to joined portion of each members hardly experience a 
change of the state over time. In a device according to 
the present application, reliability in joining is an ex- 
tremely important point that dominates a feature of the 
device, as joined portion of thin plate portions constitut- 
es jng the driving portion with the fixing portion and the 
movable portion constitute a fulcrum for development of 
a displacement. Also, as the present method is superior 
in productivity and formabiiity, a device of a predeter- 
mined shape can be obtained in a short time with good 
>o reproducibility. It should be noted that, although a thin 
plate and a thin plate portion are used in the specifica- 
tion of the present application, in principle, the former 
means a member related to a green sheet in the fabri- 
cating method, and the latter means a portion which 
'5 constitutes a driving portion together with a piezoelectric 
element in a laminate. 
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(1 ) Fabrication of Laminate 

[0105] Firstly, a siurry is prepared by adding to mix a 
binder, a solvent, a dispersant, a plasticizer, and the like 
lo a ceramic powder such as zirconia or the like, then 
the slurry is degassed, and used in forming a ceramic 
green sheet having a predetermined thickness by the 
reverse roll coater method, the doctor blade method, or 
the like. 

[0106] Then, the ceramic green sheet is processed in- 
to various shapes such as shown in Fig. 21 by a method 
such as punching with a die (punching), faser machin- 
ing, or the like. 

[0107] A ceramic green sheet 101 schematically rep- 
resents a ceramic green sheet which mainly constitutes 
a thin plate after being sintered, and a ceramic green 
sheet 102 with at least one rectangular hole 103 formed 
thereon schematically represents a ceramic green 
shoot which is used for members constituting the mov- 
able portion and the fixing portion. In the ceramic green 
sheet 102, by forming holes 103 so as to be paralleling 
in one or more rows, a plurality of devices can be ob- 
tained at a time, or at least one device having a plurality 
of movable portions can be obtained. By use of at least 
two ceramic green sheets to become thin plates and at 
least one ceramic green sheet having at least one hole 
formed thereon, prepared beforehand, a ceramic green 
laminate comprising ceramic green sheets to become a 
pair of thin plates and a series of ceramic green sheets 
each having at least one, hoie formed thereon may be 
prepared by laminating, lor example, at least one ce- 
ramic green sheet having at least one hole formed ther- 
eon between at least two ceramic green sheets to be- 
come the thin plates. Of course, there is no specific lim- 
itation on a preparing method of a ceramic green lami- 
nate, in other words, on a laminating sequence of a ce- 
ramic green sheet constituting the thin plate and the 
green sheet having at least one hole formed thereon, 
and ordinarily laminating is possible at an optional se- 
quence as long as the laminate gives any inconvenience 
to processing steps to follow. 

[0108] That is, steps for preparing the ceramic green 
laminate include, a step of preparing ceramic green 
sheets to become a pair of thin plates so as to be lami- 
nated facing each other, a step of preparing ceramic 
green sheets to become a pair of thin plates so as to be 
respectively laminated facing each other on the outer- 
most layer, a step of preparing a ceramic green sheet 
to become a thin piate laminated with at least one ce- 
ramic green sheet having at least one hole formed ther- 
eon, a step of preparing a ceramic green sheet to be- 
come a thin plate laminated with a desired number of 
the ceramic green sheet each having at least one hole 
formed thereon, a step of preparing the at least one ce- 
ramic green sheet having at least one hole formed ther- 
eon laminated with ceramic green sheets to become a 
pair of thin plates on the outermost layer opposed each 



green sheet to become a thin plate laminated with at 
least one ceramic green sheet having at least one hole 
formed thereon are prepared, and a laminate B laminat- 
ed with one or a plurality of ceramic green sheets each 
5 having at least one hole formed thereon is prepared, and 
when the two laminates A are laminated so as to have 
respective thin plates to be the outermost layers, the 
laminating is performed through the intervention of the 
one ceramic green sheet with at least one hole formed 
10 thereon or the laminate B, and the like. 

[0109] It should be noted that, when fabricating a de- 
vice according to the present application by use of such 
ceramic green sheet laminating method, in some cases 
when a hole is formed by laminating thick sheets as 
15 shown in Fig. 28(a), difference in dimensions between 
lengths L1 and L2 of thin plates related with the driving 
portion is liable to occur due to lowered machining pre- 
cision, shift of a position by deformation of sheets at lam- 
inating caused by contraction of the ceramic green 
20 sheets, difference in dimension precision accompanied 
by machining when a thick ceramic green sheet is used, 
or the like. The difference in the dimensions of LI and 
L2 is represented intact by difference in a displacement 
in the left and right direction (the X-axis direction) in Fig. 
25 28(a). 

[0110] For such problems, a step is adopted that, 
when laminating at least a plurality of ceramic green 
sheets each having at least one hole formed thereon, a 
ceramic green sheet having at least one hole formed 

oo thereon which is mounted on a plastic film is laminated 
on a surface of the outermost layer of the ceramic green 
laminate having at least one hole formed thereon in such 
a manner that the plastic film becomes the new outer- 
most layer, and after the holes are accurately aligned, 

35 the plastic film is removed, or a step is adopted in that 
a ceramic green sheet having at least one hole formed 
thereon which is mounted on a plastic green sheet film 
is laminated on a ceramic green sheet to become the 
thin plate in such a manner that the plastic film consti- 

to tutes the outer layer, and after the holes are accurately 
aligned, the plastic film is removed. By adopting the step 
described above, not only deformation at the time when 
handling a ceramic green sheet, is substantially avoid- 
ed, but also shapes of both su rfaces constituting the out- 

45 ermost layers can be made identical, thus the hole can „ 
be accurately aligned, as shown in Fig. 28(b), which im- 
proves lamination precision, and dimensions can also 
be stabilized by improved machining precision, which 
further improves a feature of the device, for example, a 

so displacement feature. 

[0111] Of fabricating methods using the plastic film, 
the former method requires less number of laminating 
steps to obtain a final laminate, and is an effective meth - 
od in reducing fabricating steps, while the latter method 

55 is advantageous when providing a bonding auxiliary lay- 
er to be hereinafter described for ensuring bonding 
property at the laminating interface. 
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laminating steps, in the former method, lamination of a 
ceramic green sheet formed on a plastic film with anoth- 
er ceramic sheet having a hole can be performed at a 
time, and respective lamination of opposing surfaces 
from which a plastic film is removed afler lamination with 
a ceramic green sheet to become a thin piate can be 
performed at a time. A total number of laminating, for 
example, in this case, can be minimum two times. How- 
ever, in the latter method, the thin plates facing each 
other have to be laminated with a ceramic green sheet 
to become a thin plate and a ceramic green sheet having 
at least a hole which is mounted on a plastic film, re- 
spectively in separate steps, and thereafter to be lami- 
nated further with a ceramic green sheet having a hole 
formed thereon. Therefore, a total number of laminating 
is minimum three, more laminating stops than the former 
method. 

[0113] Further, the bonding auxiliary layer for improv- 
ing the laminating property of a ceramic green sheet is, 
ordinarily, formed covering substantially whole surface 
of a green sheet prior to machining of the hole or the 
like, and a predetermined hole is thereafter formed by 
punching with a die or other methods, and a ceramic 
green sheet thus made is laminated in predetermined 
number. When a ceramic green sheet thus made is ap- 
plied lo Ihe former method, a bonding auxiliary layer is 
to be formed on a laminating surface with the thin plate 
after removal of the film. At this time, although a shape 
is accurately defined by machining or the like with a die, 
it is very likely that precision may deteriorate by forma- 
tion of the bonding auxiliary layer Alternatively, a bond- 
ing auxiliary layer may be provided on a ceramic green 
sheet constituting a thin plate. In this case, however, as 
variation in thickness of a bonding auxiliary layer is or- 
dinarily larger than variation in thickness of a ceramic 
green sheet constituting a thin plate, not only tho total 
thickness variation is increased, but also the thin plate 
is thickened by the thickness of the bonding auxiliary 
layer, thus occurring decrease of the feature of the de- 
vice. Ccntrarily, when a bonding auxiliary layer is ap- 
pl ied to the latter method, the bonding auxiliary layer can 
be formed on the ceramic green sheet in a state mount- 
ed on a plastic film,' precision of the hole is secured by 
precision of a die, and a ceramic green sheet to become 
a thin plate is not processed in any way, thus high lam- 
inating reliability can be compatible with dimension pre- 
cision. A surface where a plastic film is exfoliated and 
removed can be secured of laminating reliability by a 
bonding auxiliary layer formed on a separate ceramic 
green sheet with a hole formed thereon to be laminated 
on the surface. 

[0114] In such way, although an object to obtain a sta- 
bilized state of the thin plates is shared by both methods, 
there are respective features in fabricating processes, 
and therefore a suitable technique may be selected de- 
pending on structure or the like of a laminate. 
[0115] It should be noted that a ceramic qroon shoot 
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ed on a plastic film includes not only a ceramic green 
sheet having at least one hole formed thereon prepared 
by punching with a die or laser-beam processing of a 
ceramic green sheet on a plastic film, but also a ceramic 
5 green sheet prepared by pasting a plastic film on a ce- 
ramic green sheet having at least one hole formed ther- 
eon, previously formed in a desired shape. Further, it is 
preferable that the plastic film is a pofy(ethylene-tereph- 
thalate) film in view of exfoliation, mechanical strength, 
to or the like. Furthermore, it is preferable that a thickness 
of a ceramic green sheet on the plastic film is thinner, 
and more preferably as thick as equivalent to the thick- 
ness of a ceramic green sheet for a thin plate. This is 
because by thinning the thickness of a ceramic green 
75 sheet, machining precision of the ceramic green sheet 
per so can bo improved. In order that specifically a ce- 
ramic green sheet to become a thin plato can be handled 
with ease, stretching and sagging of a ceramic green 
sheet can be prevented, and shape stability of thin 
20 plates can bo promoted, it is preferable that a ceramic 
green sheet is handled with a plastic film attached there- 
to. 

[0116] Some particular examples when preparing a 
ceramic green laminate are hereinafter described. The 
25 examples given are merely illustrative, and it is needless 
to say that, when preparing a ceramic green laminate, 
methods are not limited to those described heroin 

(Laminating Example t) 

30 

[0117] A ceramic green sheet 1 (hereinafter called 
"GS") for forming a thin plate, a holed GS 1 . a holed GS 
2, a holed GS 3, a holed GS 4, and a holed GS 2, as 
shown in Fig. 32, are overlaid in the sequence, then 
35 compressed to produce an integrated ceramic green 
laminate. 

(Laminating Example 2) 

•to [0118] Step 1: AGS1 for forming a thin plate is placed 
over a holed GS1, then the sheets are compressed to 
produce an integrated ceramic green laminate. 
[0119] Step 2: A holed GS4 is placed over a thin plate 
forming ceramic green sheet 2, then the sheets are com- 
^5 pressed lo produce an integrated ceramic green lami- 
nate. 

[0120] Step 3: An integrated ceramic green laminate 
obtained in step 1, a holed GS2, a holed GS3, an inte- 
grated ceramic green laminate obtained in step 2 are 
50 overlaid in the sequence, and then compressed to pro- 
duce an integrated ceramic green laminate. 

(Laminating Example 3) 

55 [0121] Step 1: A holed GS1, a holed GS2, a holed 
GS3, a holed GS4 are overlaid in the sequence, and 
(hen comprossed to produce an integrated ceramic 
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[0t22] Step 2: A GS1 for forming a thin plate, an inte- 
grated ceramic green laminate obtained in step 1, and 
a thin plate forming GS2 are overlaid in the sequence, 
and then compressed to produce an integrated ceramic 
green laminate. 

(Laminating Example 4) 

[0123] Step 1: A holed GS2 is placed over a holed 
GS3, and the sheets are compressed to produce an in- 
tegrated ceramic green laminate. 
[0124] Step 2: A GS1 for forming a thin plate, a holed 
GS1 , an integrated ceramic green laminate obtained in 
step 1, a holed GS4, and GS2 for forming a thin plate 
are overlaid in the sequence, and then compressed to 
produce an integrated ceramic green laminate. 
[0125] Ceramic green laminates obtained by the 
above -described laminating examples 1 to 4 are sin- 
tered to produce an integrated sintered body. However, 
tho above examples do not show ovory fabricating 
method of the present invention, and the number and 
the soquence of the compressing are specifically not 
limited. 

[0126] The number and the sequence of the com- 
pressing are suitably determined so as to obtain desired 
structure depending on structure, for example, shape of 
a hole, number of holed ceramic green sheets, number 
of thin plate forming ceramic green sheets, and the like. 
[01 27] Of course, a shape of the hole is not necessar- 
ily to be the same for all, and is determined depending 
on desired function. Also, number of sheets and thick- 
ness of each ceramic green sheet are not specifically 
limited. 

[0128] Applying a heat treatment which further im- 
proves laminating property can be advantageously 
adopted to above -described compressing. Also, a paste 
mainly being a ceramic powder (preferably a compo- 
sition same as or similar to a ceramic used for a ceramic 
groan sheet is desirous in view of securing reliability), 
and a binder, a slurry, and the like are coated and printed 
to make a bonding auxiliary layer, thus advantageously 
improving laminating property of a ceramic green sheet 
interface. 

[01 29] Further, a protrusion may be provided at a por- 
tion on an outer layer surface of at least one side of the 
outermost layer of the ceramic green laminate except at 
least a thin plate portion. Although a device according 
to the present application is formed of a piezoelectric/ 
electrostrictive element ordinarily by a known method 
such as the screen printing method on an outer surface 
of the thin plate portions facing each other, when a pie- 
zoelectric/electrostrictive element is formed, for exam- 
ple, by the screen printing method, a damage for an el- 
ement can be prevented, since an element surface 
formed on the opposite surface is prevented from direct- 
ly touching a mount such as a stage for printing, a setter 
for sintering, or the like, by the protrusion formed. Fur- 
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thickness of an element can also be controlled. The pro- 
trusion can be formed on a sintered body of a green lam- 
inate, namely on a ceramic laminate, however, from a 
viewpoint of stability as a structure and stability of di- 
5 mensions, it is more preferable that the protrusion is 
formed on a green laminate and integrated therewith by 
sintering. 

[0130] An example of a method of fabricating accord- 
ing to the present invention is described. As shown in 
10 Fig. 23(a), a ceramic green sheet 101 constituting a thin 
plate, a ceramic green laminate 102 which is made by 
laminating a desired number of ceramic green sheets 
each with at least one hole formed thereon, and a ce- 
ramic green sheet 101 constituting a thin plate, are lam- 
15 inated in the sequence while performing alignment by 
means of reference holes 104, and then integrated by 
thermo-compression bonding or the like, to produce a 
green laminate. When the ceramic green laminate 102 
is too thick, green laminates 105 each having a thick- 
20 ness halved into an upper portion and a lower portion 
as shown in Fig. 22 are first formed, and then bonded 
together so as to have holes 103 opposed each other 
to produce a final green laminate 108. Furthermore, 
when fabricating a structure having a hollowed portion 
25 as a structure shown in Fig. 8, if respective green sheets 
are laminated in a sequence, and then integrated by 
thermo-compression bonding or the like, there occurs 
portion where pressure is not applied depending on the 
portion, thus lowering laminating reliability. In such case, 
30 jn order that laminating pressure applies to every por- 
tion, it is preferable that ceramic green sheets are se- 
lected, and then laminated and integrated to form 
groups of components beforehand, and then a group of 
ceramic green sheets in a form of components are lam- 
3S inated to produce a laminate of the final shape. 

[0131] It should bo noted that, in a laminate 108, a 
hole 106 communicating a part to be a hole 103 of a 
ceramic green sheet 102 with the outside space is to be 
formed, or a communicating hole 1 06 is to be bored after 
40 the laminate is completed. However, as long as respec- 
tive holes 103 are communicated with the outside 
space, the shape of the communicating hole 106 is not 
specifically limited, and a plurality of holes 1 03 may pen- 
etrate all through as shown in Figs. 23 (a) and (b), or the 
45 holes 103 may individually communicate with the out- 
side space as shown in Fig. 23 (d). Although a ceramic 
green laminate integrated in such a method is then sin- 
tered at a temperature around 1 200 to 1 600° C to be de- 
scribed later, a ceramic laminate obtained by the sinter- 
50 jng may have an unintended warpage. In such case, it 
is preferable the laminate is flattened by being re-sin- 
tered under loading a weight thereon at a temperature 
near the above-described sintering temperature to flat- 
ten (hereinafter referred to as warpage correction). In 
55 the warpage correction, it is preferable that a planar po- 
rous ceramic board of alumina or the like is used as a 
weight. Further, in the warpage correction, a preferable 
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placed already at sintering to have the laminate flat- 
tened simultaneously at sintering. 

(2) Formation of Piezoelectric/Electrosrrictive Element 

[0132] In the method of fabricating of the present in- 
vention, a piezoelectric element 107 can be formed on 
a surface of a thin plate of a ceramic laminate by a thick- 
film forming method such as screen printing method, 
dipping method, coating method, electrophoresis meth- 
od, or a thin-film forming method such as ion beam 
method, sputtering method, vacuum evaporation, ion 
plating method, chemical vapor deposition method 
(CVD), plating, or the like (Fig. 23(b)). It is preferable 
that a piezoelectric element is formed by an above-de- 
scribed method so that at least one side of a piezoelec- 
tric operating portion of the piezoelectric/alectrostricitive 
clement exists at a part of the fixing portion and/or the 
movable portion. 

[0133] By forming a piezoelectric element by film- 
forming methods in this way, a piezoelectric element 
and a thin pfate can be integrally joined and arranged 
without using an adhesive, thus reliability and reproduc- 
ibility can be secured, and integration is made easy. 
However, in the method of fabricating in the present in- 
vention, it is preferable that a piezoelectric element 107 
is formed by a thick-film forming method. According to 
the method, a piezoelectric film can be formed by use 
of a paste and a slurry, or suspension or emulsion, sol, 
or the (ike, of which a major component is a piezoelectric 
ceramic of average particle size of 0.01 to 5um and 
preferably of 0.05 to 3um, and an improved piezoelectric 
operation characteristic can be obtained. Particularly, 
the electrophoresis method has an advantage that a 
film can be formed in high density and high shape pre- 
cision. The screen printing method, on the other hand, 
permits film formation simultaneously with pattern for- 
mation, and therefore can be preferably adopted as a 
method of fabricating a device according to the present 
invention. 

[0134] Particularly, a ceramic green laminate 108 is 
sintered at a predetermined condition, preferably at a 
temperature of 1200°C to 1600°C, then a lower elec- 
trode is printed and sintered at the predetermined posi- 
tion of the surface of a thin plate (a sintered ceramic 
green sheet 101 ), then a piezoelectric film is printed and 
sintered, and further an upper electrode is printed and 
sintered, thus a piezoelectric element can be formed 
(Fig. 3(b)). Further, an electrode lead for connecting an 
electrode with a driving circuit is printed and sintered. 
Here, if materials for each members are selected so as 
to have a sequentially lowering sintering temperature 
like platinum (Pt) for the lower electrode, lead zirconate 
titanate (PZT) for the piezoelectric element, gold (Au) 
for the upper electrode, and silver (Ag) for the electrode 
load, a once-sintered material is, at any sintering stage, 
never re-sintered, and occurrence* of such troubles as 



like can be avoided. 

[0 1 35] It should be noted that, by selecting proper ma- 
terials, each members of a piezoelectric element 107 
and an electrode lead can be sequentially printed, and 
5 integrated sintering al one lime is made possible, while 
each electrodes or the like can be provided at a lower 
temperature after the piezoelectric film is formed. Fur- 
ther, each members of the piezoelectric element and an 
electrode lead may be formed by thin-film forming meth- 
w ods such as sputtering method, vacuum evaporation, or 
the like, and in this case, heat treatment is not neces- 
sarily required. Furthermore, it is preferable that a pie- 
zoelectric element 107 is formed beforehand at a posi- 
tion at least finally constituting the thin plate portion on 
is a ceramic green sheet 1 01 , so that the piezoelectric el- 
ement 107 is simultaneously sintcrod with a coramic 
green laminate 108. At simultaneous sintering, the ce- 
ramic green laminate can also be sintered with all com- 
posing films of the piezoelectric element, and a simul- 

20 taneous sintoring method exclusively of a lower elec- 
trode and a ceramic green sheet 101, a simultaneous 
sintering method of composing films except an upper 
electrode and a ceramic green sheet, and the like may 
be listed. As methods for simultaneous sintering of a pi- 

25 ezoelectric element 107 and a laminate 108, a method 
is listed in thai a piezoelectric film is formed by a press 
forming method using a die, or tape-forming method us- 
ing a slurry material, or the like, the piezoelectric film still 
to be sintered is laminated on a ceramic green sheet 

30 t01 by the thermo-compression bonding or the like, and 
simul-taneously sintered to produce a movable portion, 
a driving portion, a thin plate, and a piezoelectric film at 
the same time. In this method, however, it is necessary 
to form an electrode on a thin plate or a piezoelectric 

35 film beforehand by use of an already described film- 
forming method. Further, in addition to above-described 
methods, an electrode and a piezoelectric film both re- 
spectively being composing members of a piezoelectric 
element are formed at positions at least finally constftut- 

40 ing thin plates of a ceramic green sheet 101 by the 
screen printing to sinter simultaneously. 
[01 36] Sintering temperature for a piezoelectric film is 
suitably determined depending on composing materials 
of the film, and the temperature is generally 800°C to 

45 1400°C, and preferably 1000°C to 1400°C. In this case, 
in order to control composition of the piezoelectric film, 
it is preferable to sinter under the presence of an evap- 
oration source of the materials of the piezoelectric film. 
It should be noted that, when simultaneously sintering 

so a piezoelectric film and a ceramic green laminate 108, 
sintering conditions of the both are to be united.. 
[01 37] Furthermore, when fabricating a device with a 
piezoelectric element respectively formed on each of a 
pair of thin plates facing each other, a piezoelectric film, 

55 an electrode, and the like may be printed on each of both 
surfaces of a ceramic laminate. In such case, it is nec- 
essary to take a measure so that the printed piezoelec- 



r 



r 



33 



EP 1 017 116 A2 



34 



being attached or touched to a printing stage Q) by print- 
ing on a printing stage having a concave provided ther- 
eon, or © by first forming a frame-iike convex in the 
surrounding of a printing position on at least one printing 
surface of Ihe ceramic laminate, and then the surface 
whore the convex is formed is printed, followed by print- 
ing of the other surface, or the like. Further, in sintering 
the above-described piezoelectric film, specifically in a 
case with a structure where a piezoelectric element is 
formed on each of both surfaces of a ceramic laminate, 
it is preferable that the sintering atmosphere of the both 
surfaces is the same. For example, ordinarily, a boards 
such as a setter or the like each provided with a ceramic 
laminate having a piezoelectric element (film) formed 
thereon is sintered, and in such case, a gap between 
each scttors to bo stacked is adjusted to have the same 
space between the piezoelectric fifm and a setter at 
each stacking. 

(3) Cutting of Laminate 

[0138] A sintered body of a laminate with an above- 
described piezoelectric element formed thereon is 
formed of a notch as required, and processed of coating, 
shielding, or the like about a piezoelectric element and 
an electrode lead, then cut in the laminating direction of 
the ceramic green sheet, thus rectangular holes 1 03 are 
aperturedon the side face of the laminate, and a plurality 
of devices are simultaneously fabricated (Fig. 23 (c)). 
As methods for cutting, in addition to the dicing machin- 
ing, wire-saw machining or the like (mechanical machin- 
ing), the laser-beam machining by YAG laser, eximer la- 
ser, or the like, and the electron-beam machining can 
be applied. When cutting a laminate into each desired 
units, it is preferable that the cutting body is heat treated 
at 300 to 800°C. This is because defects such as micro- 
cracks or the like which are liable to be caused inside 
the sintering body by machining can be removed by the 
heat treatment, thus contributing to improvement in re- 
liability. Furthermore, it is also preferable that the sin- 
tered body is left foraging at a temperature around 80°C 
for at least about 10 hours after the sintering. This is 
because various stresses or the like suffered during the 
fabricating process can be relieved by the processing, 
thus contributing to improve the feature. 
[0139] In a fabricating method according to the 
present invention, a laminate is cut so that a hole of de- 
sired shape, for example, a rectangular hole 103, is ap- 
ertured on a side face of the laminate. Such cutting has 
an advantage that not only a plurality of devices are sep- 
arated but also thin plates and a hole (in case of the 
device of Fig. 1, thin plates 6 and 7 and a hole 8) are 
simultaneously formed, and is preferable in that a struc- 
ture, which is complicated and hard to fabricate since 
two or more rectangular solids are coupled by a thin 
plate, can be obtained with ease. Instead, a laminate 
may be cut into two at a section indicated by dotted lines 



way, weight of a movable portion is made lighter and as 
the result a resonant frequency is advan-tageously in- 
creased. Further, stiffness in the X-axis direction and the 
Y-axis direction can be secured on a wide portion of the 
5 driving portion 3, thus Ihe laminate is also strong against 
impacts from the both directions. According to this meth- 
od of fabricating, two devices can be fabricated from one 
device, thus productivity can be improved. It should be 
noted that, in Fig. 24 (a), although a surface of one side 
10 of the device where the hole is apertured is perpendic- 
ular relative to the base, the surface may have a struc- 
ture having an inclination similar to that of the opposing 
surface. 

[0140] Further, by suitably changing the number of 
is formation and the position of formation of the hole 103 
on the ceramic green sheet 102, or cutting position of a 
laminate 108, a device having a plurality of driving por- 
tions or a device having different length of the driving 
portion can be formed with extreme easiness. Further- 
20 more, if the laminate 108 and a piezoelectric element 
107 are simultaneously cut, a device having a thin plate 
portion and a piezoelectric element in the same width 
can be formed, which is preferable. Although such cut- 
ting may be performed in a green state prior to sintering, 
25 it is preferable to cut a sintered body, in order that di- 
mension precision can be raised and escaped particles 
of each ceramic powder, or the like, can be prevented. 
[0141] Furthermore, a device according to the present 
invention may be fabricated by means of the pressure 
30 forming method and casting method using a forming die, 
injection molding method, photolithography, br the like, 
in addition to the above-described fabricating methods 
using a ceramic green sheet. Although a device can also 
be fabricated by bonding each composing members 
3S prepared as separate bodies, there are a problem that 
bonded portions are liable to be damaged or the like, in 
addition to low productivity, which is also a problem con- 
nected with reliability. 

to 4. Application Example of Device 



[0142] At the last, as an example of application of a 
device according to the present invention, description is 
made about an example where a device according to 
the present invention is applied to a displacement ele- 
ment used in an optical shutter. An "optical shutter" in 
the present specification means a functional element for 
controlling transmission and shielding of the light by rel- 
atively moving two shields, and the optical shutter, being 
capable of performing ON/OFF control of the light and 
control of quantity of the light, can be functioned as an 
optical switch and an optical diaphragm. 
[0143] In the optical shutter of the present invention, 
at least one shield of the two shields is mounted on the 
movable portion of the device of the present invention. 
[0144] For example, an optical shutter 110 shown in 
Figs. 25 (a) and (b) comprises units 1 1 1 A and 1 1 1 B each 
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shield, and two shields 1 1 3A and 1 1 3B are respectively 
attached to movable portions 114A and 114B, mutual 
planar surfaces are arranged to be in parallel, and a part 
each of the planar surfaces are arranged to overlap 
each other. 5 
[01 45] Although an optical shutter 1 1 0 shields the light 
L in a state shown in Figs. 25, overlapping condition of 
the shields 11 3A and 11 3B is changed, and ON/Off of 
the light and quantity of the light can be controlled, since 
a shield 113A moves to the left and a shield 11 3B moves '0 
to the right in Figs. 25, by applying voltages of the same 
phase to piezoelectric elements 1 1 2 A and 1 1 2B formed 
on the moving portion of the device. 
[0146] Further, an optical shutter 120 shown in Fig, 
26 (a) comprises two units 121 A and 121 B each provid- '5 
cd with n device of the present invention and n shield, 
and two shields 1 23A and 1 23B are attached to movable 
portions 124A and 124B of respective devices, and re- 
spective planar surfaces are arranged to bo in parallel 
and so as to have the planar surfaces totally overlapped 20 
against an incident direction of the light L. On the shields 
123A and 123B, slits 125A and 125B are respectively 
formed at opposing positions. 

[0147] Although the optical shutter 120 transmits the 
light L through the slits 125A and 125B in a state as 25 
shown in Figs. 26 (a) and (b), overlapping condition of 
the slits 1 25A and 1 25B is changed, and ON/OFF of the 
light and quantity of the light can be controlled, since the 
shield 1 23A moves to the left and shield 1 23B moves to 
the right in Figs. 26, by applying voltages of the same 30 
phase to piezoelectric elements 1 22A and 1 22B formed 
on the movable portion of the device. Although, Fig. 26 
(c) shows a state where a part of the light is transmitted, 
it is also possible to completely shield the light L, by 
changing the shape and forming position of the slits 3S 
123 A and 123B. 

[0148] Contrarily, in a state shown in Figs. 26 (a) and 
(b), a structure may be that the slits 125A and 125B do 
not overlap each other but the light L is shielded, and by 
moving shields 123Aand123B, the slits 125Aand 125B *o 
overlap each other to allow the light L to be transmitted. 
Although, in Figs. 25 and 26, examples where two 
shields are attached to respective devices are shown, 
the optical shutter of the present invention can control 
transmission and shielding of the light only by attaching 45 
at least one shield on the device and moving only the 
shield. However, it is preferable that both shields are at- 
tached to the device in the point that relative movement 
quantity of the shields can be increased. Further, in ex- 
amples shown in Figs. 25 and 26, while an optical shut- so 
ter comprises two units, the optical shutter may com- 
prise three or more units. In such case, by setting a va- 
riety of movement directions for a plurality of shields, the 
optical shutter may be used as an optical diaphragm or 
the like with changed degrees of aperture at overlapping 
portions. As the optical shutter of the present invention 
has a shield attached to the movable portion of the de- 



a flapped direction is controlled, in other words, as a 
shield always moves facing straight to the incident di- 
rection of the light, the optical shutter can be preferably 
used in the point that ON/OFF of the light and quantity 
of the light can be controlled at higher precision. 
[0149] Now, a device shown in Fig. 9 is mounted with 
a piezoelectric element shown in Fig. 1 7, and a material 
including platinum as a major component is used for a 
lower electrode, a material including solid solution of 
lead magnesium niobate-lead titanate zirconate as a 
major component is used for a piezoelectric material, 
and gold is used for an upper electrode, and respective 
members are printed by the screen printing so that the 
thickness after sintering becomes 3 um, 10um, and 
0.3u.m respectively, thus a device is completed. It should 
be noted that sintering is performed respectively at 
1 300°C, 1 250 U C and 600°C at each printing. By the way, 
the dimensions of respective members according to Fig. 
1 are as follows. 

a; 0.3 mm, b: 0.3 mm, c: 0.32 mm 



d; 0.01 mm, e; 1mm, f:0.3mm 

[0150] Displacement quantities of the X-axis direction 
and the Y-axis direction when a pulse voltage is applied 
to the piezoelectric element seen on the right of the de- 
vice are measured by the laser Doppler vibrometer 
(made by Graphtec Corp). The measurement results 
are shown in Fig. 27. If displacements at an applied volt- 
age of 30 V are compared, the displacement in the Y- 
axis direction is less than 3% of the displacement in the 
X-axis, or main axis, direction, and the displacement in 
the X-axis direction is substantially dominant. Further, 
the generated displacement is compared with that of the 
structure having a piezoelectric/elect restrictive operat- 
ing portion only at the thin plate portion disclosed in JP- 
A-63-64640. A device structure according to the present 
application is made similar to the structure shown in Fig. 
9, a comparative example is as per Fig. 35, and both 
devices are of unimorph structure. Except for the differ- 
ence in mode of providing a piezoelectric element, each 
of devices is prepared in the methods same as the 
above -described methods. Fig. 33 shows a graph show- 
ing displacement quantities relative to voltages applied. 
As read from Fig, 33, it can be clearly understood that 
a device according to the present invention, which has 
an effect from a piezoelectric/electrostrictive operating 
portion being extended over to the fixing portion, is ra-. 
markably superior in structure for producing a large dis- 
placement showing displacements of more than 20 
times at every applied voltage, relative to the exemplary 
structure for comparison where a piezoelectric/electros- 
trictive operating portion is provided only at a thin plate 
oortion 
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characterized by a structure in that the device has higher 
stiffness in the width direction of the thin plate, namely 
the Y-axis direction, and therefore, when functional 
members such as a sensor, a magnetic head, or the like 
is attached lo the present device, and further, when the s 
present device per se is attached to the other structure, 
the structure permits solid bonding. In addition, because 
of the stiff-ness, the device also has a character that 
members of comparatively large mass can be attached. 
Furthermore, since the stiffness of the thin plate in the to 
thickness direction is relatively smaller than the stiffness 
in the width direction, a component in the Y-axis direc- 
tion, or a flapped direction, of the displacement compo- 
nents at the time when the device is operated based on 
the directional property of the stiffness, can be effective- }S 
ly suppressed, which is a major advantage of the device. 
The present invention implements a structure where a 
piezoelectric/electrostrictive operating portion for devel- 
oping the displacement is extended over not only to the 
thin plate portion but also to the fixing and/or movable 20 
portion, and a displaced shape of the driving portion 
takes a shape facing toward the outside space, different 
from a structure disclosed in JP-A-63-64640 where a 
thin plate portion faces toward the direction of the hole, 
in the case of present invention, and therefore the struc- 25 
lure allows the movable portion to have a large displace- 
ment in the displacement mechanism. Further, the fixing 
portion, the movable portion, and the thin plate portion 
of the present device are integrally structured by sinter- 
ing, and the piezoelectric/electrostrictive element is in- 
tegrally structured by sinter-ing with the thin'tplate por- 
tion , fixing portion and/or the movable portion by the film 
forming methods without using an adhesive, and there- 
fore, the device is a structure which does not generate 
variations such as a displacement drifting or the like over 
time caused by adhering. Further, as described above, 
in the device of the present application, a bonding por- 
tion of the driving portion or the thin plate portion with 
the fixing portion, and a bonding portion of the driving 
portion or the thin plate portion with the movable portion 
are structurally borderless with no intermediary third 3. 
substance and/or material, and therefore the structure 
is of high stiffness easily allowing a higher resonance 
frequency capable of high speed operation. As noted, 
the device according to the present application is struc- 
turally and functionally entirely different from an actuator 
disclosed in JP-A-63-64640, and is higher in reliability. 
[0152] Consequently, the device according to the 
present invention can be utilized as an active element 
in various transducers, various actuators, frequency-re- 
gion functional components (filters), transformers, vi- 
brators and resonators for communication and motive 
power, oscillators, discriminators, and the like, and as a 5. 
sensor element for a variety of sensors such as ultra- 
sonic sensors and acceleration sensors, angular veloc- ss 
ity sonsors and impact sensors, mass sensors, and the 
like, and particularly can be preferably utilized for a va- 



alignment adjustment and angular adjustment of a vari- 
ety of precision components or the like of optical instru- 
ments, precision apparatuses, and the like. 
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Claims 

1 . A piezoelectric/electrostrictive device comprising a 
driving portion to be driven by a displacement of a 
piezoelectric/electrostrictive element, a movable 
portion to be operated based on a drive of said driv- 
ing portion, and a fixing portion for holding said driv- 
ing portion and said movable portion, 

said piezoelectric/electrostrictive device be- 
ing characterized in that said driving portion com- 
prising a pair of thin plate portions facing each other, 
and a film-like piezoelectric/electrostrictive element 
including at least a pair of electrode films and a pi- 
ezoelectric/electrostrictive film formed on at least a 
part of the outer surface of at least one thin plate 
" portion of said thin plate portions, said fixing portion 
is coupled with said movable portion via said mov- 
able portion, and a hole is defined by an inner wail 
of said driving portion, an inner wall of said movable 
portion, and an inner wall of said fixing portion, and 
at least one side of a piezoelectric operating portion 
of said piezoelectric/electrostrictive element in a di- 
rection in which said thin plate portion connects with 
said fixing portion with the movable portion is struc- 
tured to exist on the fixing portion or the movable 
portion, and a ratio a/b of the thickness a of said 
hole and the width b of said thin plate portion is 0.5 
to 20. 

A piezoelectric/electrostrictive device according to 
claim 1, characterized in that the width of said thin 
plate portion is the same as the width of the piezo- 
electric/electrostrictive element formed on said thin 
plate portion. 

A piezoelectric/electrostrictive device according to 
claim 1 or claim 2, characterized in that a ratio e/a 
of the length e of said thin plate portion and the 
thickness a of said hole is 0.5 to 10. 

A piezoelectric/electrostrictive device according to 
any one of claims 1 to 3, characterized in that a ratio 
a/b of the thickness a of said hole and width b of 
said thin plate portion is 1 to 10, and a ratio e/a of 
the length e of said thin plate portion and the thick- 
ness a of said hole is 0.7 to 5. 

A piezoelectric/electrostrictive device according to 
any one of claims 1 to 4, wherein the movable por- 
tion and the fixing portion are rectangular solid 
body. 
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movable portion to be driven by a displacement of 
a piezoelectric/electrostrictive element, a movable 
portion to be operated based on a drive of said driv- 
ing portion, and a fixing portion for holding said driv- 
ing portion and said movable portion, s 

said piezoelectric/electrostrictive device be- 
ing characterized in that said driving portion com- 
prises a pair of thin plate portions facing each other, 
and a film-like piezoelectric/electrostrictive element 
including at least a pair of electrode films and a pi- io 
ezoelectric/electrostrictive film formed at least on a 
part of the outer surface of at least one thin plate 
portion of said thin plate portions, said fixing portion 
is coupled with said movable portion via said driving 
portion, and a hole is defined by an inner wall of said ^ 
driving portion, an inner wall of said movable por- 
tion, and an inner wall of said fixing portion, and at 
least one side of a piezoelectric operating portion 
of said piezoelGctnc/electrostrictive efement in a di- 
rection in which said thin plate portion connects with 20 
said fixing portion with the movable portion is struc- 
tured to exist on the fixing portion or the movable 
portion, and the thickness a of said hole is 100 jam 
to 2000 |.im, and the width b of said thin plate portion 
is 50 u.m to 2000 urn. 25 

7. A piezoelectric/electrostrictive device according to 
claim 6, characterized in that the thickness a of said 
hole is 200 jim to 1000 um and the width b of said 
thin plate portion is 100 urn to 500 jam. 30 

8. A piezoelectric/electrostrictive device according to 
claim 6 or 7. characterized in that the width b of said 
thin plate portion is larger than the thickness d 
thereof, and the thickness d of said thin plate portion 35 
is 2 urn to 100 urn 

9. A piezoelectric/electrostrictive device according to 
any one of claims 6 to 8, characterized in that the 
length a of said thin plate portion is 200 u,m to 3000 *o 
urn 

10. A piezoelectric/electrostrictive device according to 
any one of claims 6 to 9, characterized in that the 
length f of said movable portion is 50 jam to 2000 45 

jim. 

11. A piezoelectric/electrostrictive device according to 
any one of claims 1 to 10, wherein said piezoelec- 
tric/electrostrictive device has at least two driving 50 
portions. 

12. A piezoelectric/electrostrictive device according to 
any one of claims 1 to 11, wherein said piezoeiec- 
tric/electrostrictive element is a laminated type pie- 55 
zoelectric/electrostrictfve element laminated in lay- 
ers by a lower electrode film, a piezoelectric/elec- 



13. A piezoelectric/electrostrictive device according to 
any one of claims 1 to 11 , wherein said piezoelec- 
tric/electrostrictive element is structured to com- 
prise a piezoelectric/electrostrictive film and a first 
electrode fiim and a second electrode film formed 
on at least one main surface of said piezoelectric/ 
electrostriictive film. 

14. A piezoelectric/electrostrictive device according to 
claim 1 , wherein a piezoelectric/electrostrictive ele- 
ment comprises a piezoelectric/electrostrictive film 
and a first electrode film and a second electrode film 
of comb-structure, and said first electrode film and 
said second electrode film are piezoelectric/elec- 
trostrictive elements having a structure to alterna- 
tively bite with a predetermined width between re- 
spective teeth of each comb of said first electrode 
film and said second electrode film. 

15. A piezoelectric/electrostrictive device according to 
any one of claims 1 to 1 4, wherein the movable por- 
tion, the thin plate portion, and the fixing portion 
comprise an integrally formed ceramic. 

16. A piezoelectric/electrostrictive device according to 
claim 15. wherein said ceramic is a laminate. 

17. A piezoelectric/electrostrictive device according to 
any one of claims 1 to 16, characterized in that at 
least one side in a direction in which said thin plate 
portion connects with said fixing portion with the 
movable portion of a piezoelctric operating portion 
of said piezoelectric/electrostrictive element exists 
on the movable portion or the fixing portion from a 
bonded portion of the movable portion or the fixing 
portion with the thin plate portion over a distance of 
at least one half of the thickness d of said thin plate 
portion. 

18. A method of fabricating piezoelectric/electrostric- 
tive device comprising a driving portion to be driven 
by a displacement of a piezoelectric/electrostrictive 
element, a movable portion to be operated based 
on a drive of said driving portion, and a fixing portion 
for holding said driving portion and said movable 
portion, 

said piezoelectric/electrostrictive device being 
structured in that said driving portion comprises 
a pair of thin plate portions facing each other, 
and a film-like piezoelectric/electrostrictive ele- 
ment including at least a pair of electrode films 
and a piezoelectric/electrostrictive film formed 
on at least a part of the outer surface of at least 
one thin plate portion of said thin plate portions, 
said fixing portion is coupled with said movable 
portion via said driving portion, and a hole is 
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an inner wall of said movable portion, and an 
inner wall of said fixing portion, and at least one 
side of a piezoelectric operating portion of said 
piezoelectric/electrostrictive element in a direc- 
tion in which said thin plate portion connects 
with said fixing portion with the movable portion 
is structured to exist on the fixing portion or the 
movable portion, 

said method of fabricating piezoelectric/elec- 
trostrictive device being characterized by in- 
cluding steps of 

preparing a ceramic green laminate comprising 
at least one ceramic green sheet constituting a 
thin plate and at least one ceramic green sheet 
having at least one hole formed thereon, 
sintering said ceramic green laminate to pro- 
duce a ceramic laminate, and 
forming a piezoelectric/electrostrictive element 
by a film formation method on the outer surface 
of said thin plate portion of the ceramic laminate 
obtained, and cutting the ceramic laminate with 
said piezoelectric/electrostrictive element 
formed thereon. 

1 9. A method of fabricating a piezoelectric/electrostric- 
tive device according to claim 13, wherein said 
steps of preparing a ceramic green laminate include 
a step of preparing ceramic green sheets to became 
a pair of thin plates in such a manner that they are 
laminated facing each other. 

20. A method of fabricating a piezoelectric/electrostric- 
tive device according to claim 1 8 or 1 9, wherein said 
steps of preparing a ceramic green laminate include 
a step of preparing ceramic green sheets to become 
a pair of thin plates in such a manner that they are 
laminated on the outermost layer facing each other, 
respectively. 

21. A method of fabricating a piezoelectric/electrostric- 
tive device according to any one of claims 1 8 to 20, 
wherein said steps of preparing a ceramic green 
laminate include a step of preparing a laminate by 
laminating a ceramic green sheet to become a thin 
plate with at least one ceramic green sheet having 
at least one hole formed thereon. 

22. A method of fabricating a piezoelectric/electrostric- 
tive device according to any one of claims 18 to 20, 
wherein said steps of preparing a ceramic green 
laminate include a step of preparing a laminate by 
laminating a ceramic green sheet to become a thin 
plate with a desired number of said ceramic green 
sheets each having at least one hole formed there- 
on. 



23. 



A method of fabricating a piezoelectric/oiectrosthc- 



wherein said steps of preparing a ceramic green 
laminate include steps of preparing two laminates 
A each comprising a laminate by laminating a ce- 
ramic green sheet to become a thin plate with at 

5 least one ceramic green sheet having al least one 
hole formed thereon, and prepaiing one ceramic 
green sheet having at least one hole formed there- 
on or a laminate B by laminating with a plurality of 
ceramic green sheets each having at least one hole 

w formed thereon, and laminating said two laminates 
A by intervening said one ceramic green sheet hav- 
ing at least one hole formed thereon or said lami- 
nate B being laminated with a plurality of ceramic 
green sheets each having at least one hole formed 

is thereon, in such a manner that the respective thin 
plate portions of said two laminates A arc placed at 
an outermost layer, respectively. 

24. A method of fabricating a piozoelectnc/oloctrostric- 
20 tive device according to any one of claims 18 to 20, 

characterized in that a protrusion is provided at a 
portion of the outside layer surface of at least one 
side of the outermost layer of said ceramic green 
laminate except said thin plate portions. 

25 

25. A method of fabricating a piezoelectric/electrostric- 
tive device according to any one of claims 18 to 20, 
wherein said steps of preparing said ceramic green 
laminate include a step of preparing a laminate pre- 

30 pared by laminating at least one ceramic green 
sheet having at least one hole formed thereon with 
ceramic green sheets to become a pair of thin plates 
in such a manner that said green sheets are lami- 
nated, as an outermost layer, facing each other on 

35 the outermost layer of said ceramic green sheets 
having at least one hole. 

26. A method of fabricating a piezoelectric/electrostric- 
tive device according to any one of claims 18 to 24, 

40 wherein said method includes a step of laminating, 
on a surface constituting the outermost layer of said 
ceramic green laminate having at least one hole, 
when laminating at least a plurality of ceramic green 
sheets having at least a hole formed thereon, a ce- 

45 ramie green sheet having at least one hole formed 
thereon which is mounted on a plastic film in such 
a manner that said plastic film is placed as a new 
outermost layer, and removing said plastic film after 
the holes are accurately aligned. 

50 

27. A method of fabricating a piezoelectric/electrostric- 
tive device according to any one of claims 18 to 24, 
wherein said method includes a step of laminating 
a ceramic green sheet having at least one hole 

55 formed thereon which is mounted on a plastic film 
on a ceramic green sheet to become said thin plate 
in such a manner that said plastic film constitutes 
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ter the holes are accurately aligned. 

28. A method of fabricating a piezoelectric/efectrostric- 
ttv/e device according to claim 26 or 27, wherein said 
plastic film is a poiy(ethylenelerephlhalale) Htm. 5 

29. A method of fabricating a piezoelectric/etectrostric- 
tive device according to any one of claims 18 to 28, 
wherein a ceramic laminate with a piezoelectric/ 
electrostrictive element formed on the outer surface w 
of said thin plate portion thereof is further cut into a 
desired unit individually, then thus cut units are heat 
treated at 300°C to 800°C. 

30. A method of fabricating a piezoefectric/electrostric- 15 
tivo device according to any one of claims 18 to 29, 
wherein, when cutting a ceramic laminate with said 
piezoolactric/eloctrostrictive element formed there- 
on, said piezoelectric/efectrostrictive element and 
said laminate are simultaneously cut, and the ?o 
widths of said piezoelectric/electrostrictive element 
and a thin plate portion of said laminate are made 

the same. 
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Fig. 24(a) 
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Fig. 26(c) 
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CERAMIC GREEN SHEET 2 
FOR THIN PLATE 

HOLED CERAMIC GREEN SHEET 4 

HOLED CERAMIC GREEN SHEET 3 
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HOLED CERAMIC GREEN SHEET 1 
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i : DEVICE ACCORDING TO THIS APPLICATION 
i : COMPARATIVE EXAMPLE 



EP 1 017 116 A2 



Fig. 34 




c o 

BP 1 017 116 A2 



Fig. 35 




